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FOREWORD 


The Southwestern Radiologica! Health Laboratory is very 
pleased to have sponsored this Symposium on the Public 
Health Aspects of the Peaceful Uses of Nuclear Explosives. 
The primary purpose of the Symposium was to disseminate and 
document current information and data on the public health 


aspects of this promising new technical field. 


In addition, it served to identify potential problem areas, 
stimulated discussion, and provided an opportunity for exchange 
of ideas and rapport between and among various individuals and 
groups sharing interests in various facets of Plowshare 


technology. 


These proceedings should serve these objectives and provide 

a resource of relevant information which may be used to evaluate 
what is presently known and unknown in the public health and 
safety area of the technology for peaceful applications of 


nuclear explosives. 


Dr. Melvin W. Carter 
Southwestern Radiological Health Laboratory 
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PUBLIC HEALTH AND PLOWSHARE 


James G. Terrill, Jr. 
Consumer Protection and Envlronmenta! Health Service 
U. S. Public Health Service 
Washington, D. C. 


ABSTRACT 


The protection of public health and safety ia a principal 
area of concern in any application of nuclear energy. A health 
and safety analyete must be conducted and reviewed by appropriate 
agencies and the final results made available to interested 
agencies and groups, both publie and private, prior to the ap- 
plication. This is especially important for the Plowshare 
Program - the peaceful uses of nuclear explosives - where the 
public te to be the ultimate beneficiary. 


Because public health must be a primary concern in the 
Plowshare Program, it is essential that the potential riske be 
weighed against the expected benefits to the public. Public 
health agencies must play an increasingly important role in the 
planning and operational stages of the peaceful applications 
of nuclear explosives and in the final stage of consumer use 
of Plowshare-generated products. 


There are many long term and long distance ramifications 
of the Plowehare Program, such aa the potential radiological 
contamination of consumer products that may reach the consumer 
at long times after the event or at great distances from the 
site of the event. Criteria for evaluating public exposure to 
radiation from these products need to be developed based on 
sound sctentific research. Standarde for radioactivity in 
consumer products must be developed in relation to potential 
exposure of the public. Above all, a clear benefit to the public 
wtth a miniman of riek met be shown. 


The major purpose of this Sympostun on the Public Health 
Aspects of Peaceful Usee of Nuclear Explosives is to focus at- 
tention on the health and safety aspects, present the results 
of safety analyses accomplished to date and other information 
necessary to an understanding of the public health aspecta, and 
to identify areas where additional research is required. 


A general overview of the total symposium content is 
presented with emphasis on the relationship of the topics to 
public health. 


INTRODUCTORY COMMENTS 


Ladies and Gentlemen, It is my pleasure to be opening speaker for this 
tong overdue Sympostum on the Public Health Aspects of the Peaceful Uses of 
Nuclear Explosives. It Is encouraging to see people representing so many 
diverse disciplines and organ|zational groups--Industry, sclence, public health, 
and government--gathered together to stimulate and exchange thoughts concerning 
the Plowshare Program and public safety. | am sure that a listing of our 
respective Job titles or the prime responsibility of our callings would show 
the broad concern for the public health and the bountiful effect of nuclear 
sclence on human progress, and indicate that the potential applications of atomic 
energy are many and varted Indeed. 


For this audience, It Is only proper to try, In quantitative and specific 
ways, to get to the critical factors which determine the real balance between 
benefits and risks. 


Each of you Is or may become Interested In some speclfic, some. spe- 
clalized phase of the peaceful uses of nuclear explosives. That is apparent 
In the vartous subjects on the agenda of this Symposium. There will be many 
erudite and Introspective papers delivered--these will be conclusive com- 
mentary on subjects of primary interest to you individually. We, at this 
symposium, are prospecting for the wealth of Ideas and potential needed to 
obtain a realistic balance between benefit and risk in the Plowshare program. 
The speakers on the program will, | am sure, provide us with some specific 
Ideas to increase our knowledge and understanding. But, every recommendation, 
every constructive suggestion that we can contribute - you and ! =~ will be 
a supplement to that wealth of knowledge, or will stimulate programs to develop 
the missing Information. 


There is never a time when a new idea can be considered superfluous. 
You and the particular public and private interests you represent as potential 
users of Plowshare applications are encouraged to share your ideas at this 
symposium because they should be balanced with public health considerations 
which will affect Industrial applications of Plowshare technology. A clear 
benefit to the public must exceed the attendant risks, not only as they may 
be calculated, but also in professional and public opinion. We in nuclear 
science can take very little for granted. We cannot indulge in the luxury 
of lapses in our broad surveillance of public health and safety. 


{In things nuctear, !+ is not so easy to assume that there is nothing 
to fear but fear itself. Not all the critics and opponents of the various 
uses of nuclear resources are inspired by science fiction and screen 
melodramatics. There are certalIn valid and reasonable criticisms that 
must .be acknowledged and resolved. The propanents of Plowshare should 
recognize that even when benefits clearly outweigh the risks, it takes 
time to convince the related professionals and the public. 


The Plowshare program Is not new. I+ dates back to 1957 with the 
first nuclear event, Gnome. 


The Public Health Service, through a Memorandum of Understanding with 
the Atomic Energy Commission(AEC) concerning off-site radiological safety, 
has been working with Plowshare since its beginning. The program to date 
has included numerous device development tests, cratering experiments in 
various geological media, and one feasibility-type underground natura! 
resource recovery experiment. 


The program has been-concerned with technological development and has 
been largely conducted at the Nevada Test Site by AEC contractors. The 
experimental-developmenta! nature of the program has entailed stringent 
safety review and a conservative type of hazards-analysis approach. However, 
at this time, criticism of pollutants of all types are properly coming to 
public attention due to intensified industrial development. However, as 
meritorious as clean air, clean water, and clean food may be, the term "clean" 
must be translated into criteria and standards which can be designed into 
industrial developments from the conceptual planning stage. The standards 
must be finite and measureable, even if expressed in ranges rather than a 
single number. Although it appears conservative from a health standpoint, 
terms like "Zero" and "undetectable" are not really standards nor are they 
precise. Rather, they are subject to wide fluctuations depending upon the 
state of the art of measurement and instrumentation. 


(t+ has been my experience in working with everything trom nuclear 
explosions to TV sets that Industry wl!l be most cooperative, and can easily 
afford to be cooperative, if criteria and standards are available at an early 
stage. Often, safety and health provisions which are overlooked initially 
cannot be corrected for many years. For example, in another field, there 
are the provisions in the design of many dams in the Tennessee Valley to 
fluctuate water levels for malaria control. When the systems were incorpor— 
ated in the conceptual design, electrical production could be maintained and 
many of the mosquitoes which could transmit malaria would also be controlled. 
Without such provisions during the conceptual stage, it would become increas- 
ingly expensive to utilize this control technique without aftecting the 
production of power. 


Today we are concerned with the future--the transition from development 
to practica! application. For practical utilization to take place, industry 
and State and local governments must become active partners in the program. 


The public health aspects of the Plowshare program deal not only with 
today, but tomorrow, years from now, and decades from now. 


We are talking about two basic types of events: 


@ Cratering - in which a nuclear explosive is used as an earth 
moving tool (Sedan, Cabriotet, Buggy, Schooner, etc.). 


@ Contained underground explosions in which the device is used to 
break up or increase the permeability of the underground 
resource strata so that the resource can be recovered and. 
used by man or to provide storage cavities (Gasbuggy; and in 
the future, Rulison). 


Either type presents three potential! and basic radiological hazards: 


1. Immediate release of event-related radioactivity to the environ- 
ment. This is primarily a near-in acute situation, but may present chronic 
problems. It is of primary concern with regard to cratering events where there 
is an inherent release of radioactive effluent; but it is also relevant to 
"contained" underground events which might not be contained and/or where there 
are possible problems of ground water contamination. 


We have been working with problems of this type for a long time. In 
early days, field experience developed the relative importance of radioiodine 
in mitk. Today, we are working to keep abreast of any necessary program 
reorientation required by changes in device design and emplacement techniques. 
Recent experience has focused attention upon the extent of radio-tungsten and 
tritium contamination under various conditions. It is important that public 
health agencies identify the pathway to people and the standards that are 
useful in evaluating the exposure of the people in a meaningful and numerical 
manner. 

2. The use of products of the “contained type" of experiments. 
When nuclear energy is used to increase the availability of oil, natural gas, 
etc., the resulting products wil! be contaminated to some extent with radio- 
nuclides, These products wil! be used at times and locations far removed from 
the event. How much contamination wil! there be? What standards do we use in 
terms of samples, analyses, environmental evaluation; and, where necessary, how 
do we check people to determine the validity of our standards in terms of human 
exposure? Are any clinical manifestations detectable? 


3. The worldwide inventory of radionuclides. 
Of special concern are long lived nuclides with little inhibition to environmental 
transport--tritium, carbon-14, krypton-85, etc. Of course, in this area of con- 
cern we are talking in terms of decades. 


| have indicated three basic areas of radiological concern: 


-Radioactive effluent 
-Radioactive contamination of consumer products 
-Radionuclide inventory of our biosphere 


There problems in themselves sound formidable, but this week we will 
also concern ourselves with ground motion and air blast. 


Do the problems of this infant industry--Plowshare--seem insurmountable? 
t don't believe they are if they are properly focused. And that is why we are 
here--to get a better insight into and understanding of the Plowshare program 
and its implications. We are also here to discover the type of information 
public health people need to make independent but scientifical ly-based 
evaluations of proposed projects. If public health agencies are active in 
this manner, they can provide information which will be useful to the planning 
groups at an early stage so that plans can be modified with respect both to 
scientific requirements and to public reaction before opinions are frozen 
through engineering reports or adverse publicly stated comments. 


Concurrent and continuously progressive laboratory and field studies 
must be pursued In all areas of possible adverse effect to the public health 
and safety from actual and simufated Plowshare-generated sources. Results of 
such studles and data compiled In conjunction with non-Plowshare tests or 
research uses of nuclear energy must be examined for applicability to future 
activities. For general professional acceptance, these activities must be 
flltered through professional exchanges In order to refine related public 
health criteria and translate these Into useful design systems for engineers. 


Such criterla must also serve as a basis for a systematic method of evaluation 
between public health agencles so that quantitative comparisons can be made 
between projections and actual contaminations found In the environment after 

the project has been completed. The purpose of these projects and the numerous 
health and safety programs, many of which are conducted on state and local 

levels as well as on broader national and International scales, Is to establish 

a sound public health basls for effective guidelines, standards and controls 

in terms of risks versus benefits to the population as a whole and to Individuals. 


Proposed unique or unprecedented Plowshare app{{cations are screened 
and superimposed, so to speak, against the existing applicable standards and 
regulatlons--and, where incompatible, are re-engineered, re-programmed or, 
as In certain proposed construction projects, postponed until the technology 
has been developed to such an extent that the experiment or study is compatible 
with required public health and safety restraints, which should be kept up to 
date by the radiation protection agencies. 


There is another area of concern. The nature of Plowshare activities 
implies the need for a concurrent, comprehensive, and candid public education 
program. And these, in my opinion, should be preceded on both a program and 
project basis by active interchanges between the public health officials 
and those responsible for the design of the specific projects. If understanding 
and mutual respect can be generated between these professional groups, it 
will be possible to assure the public in an effective way that all possible 
techniques are being employed to protect them from adverse effects of nuclear 
detonations. 


This symposium Is intended to be a thorough public examination of all 
aspects of Plowshare related to Public Health. Unlike the human body which 
we subject to periodic physical checkups, the Public Health Programs related 
to Piowshare must undergo a continuing ahd boldly uninhibited examination. 
The head and heart and alt appendages--the current policies and procedures 
and processes--must be continuously revitalized so that nuclear explosives 
tempered with public health safeguards wil! be available to serve mankind in 
a constructive and meaningful manner. 


The Public Health Service, through its Southwestern Radiological Health 
Laboratory, Is In Las Vegas to participate in Plowshare technology with regard 
to Its public health and safety implications. This group will be available 
for technical assistance and consultation to the states and other agencies. 
Its record of 15 years experlence in the public health and safety aspects of 
nuclear tests provides an effective basis on which to develop such aspects 
of Plowshare technology. 


Undoubtedly, you have many questions. Hopefully, they will be answered 
In some substance in the course of this symposium. At the least, problem areas 
will be Identifled so that, by experiment or in some future symposia, they can 
be effectively resolved. 


And lastly, let's be candid. Let's learn something from the teenagers 


and “tell it {Ike It Is." 


QUESTIONS FOR JAMES TERRILL 


From M. Chessin: 


Is the testing program for the nuclear sea level cana! compatible 
with the Nuclear Test Ban Treaty? Shouldn't the general public 
per se be brought into the decision process, in view particularly 
of the linear response to radiation? 


ANSWER: 


The later designs have reduced the amount of radioactivity released, 
but if complete contro! cannot be obtained then the planning wil! be 
to make the program compatible either through an interpretation of 
the present treaty or through some modification of the treaty. 


The public should be made aware of the program and all aspects and 
this Symposium is one device to do this, though it is aimed princi- 
pally at the professional who will, in turn, spread the word to 
others. Many other things can be done In this line and others are 
already underway, such as the Understanding the Atom pamphlets, etc. 


From G. W. Adair: 


In the past few years, a great deal of discussion has developed 
concerning the damage to health, Incidents of cancer, pollution 

of the snow and rainfall in certain sections of Utah. Legislators 
have presented a resolution condemning ali types of testing. How 
much of the complaints are fact and how much is fiction? 


ANSWER: 


Presumably this is with regard to nuclear testing and not to con- 
tamination by other things. The general public, of course, Is 
concerned about all types of pollutants. This is reflected not 
onty tn public statements and newspapers, but also by congres- 
sional actions such as the Air Pollution Act and the Radiation 
Control! Act of 1968 and the continued questioning presented to 
the Food and Drug Administration. We are living in an age when 
everyone is questioning the possible effects of al! sorts of 
pollutants and we must expect nuclear experiments to receive 


their fair share and some will be based on fact and some on 
extrapolation not justified by research. Overall, this is a 
healthy sign and | expect these projects will withstand scientific 


criticism fairly well. 


From Don Kurvink: 


How can you relate to the public that they should be willing to 
accept the linear health damage such as genetic damage associated 
with Plowshare projects? 


ANSWER: 


| think you begin by explaining to them that there is a certain 
amount of genetic damage that occurs naturally from many sources 
and a portion of this is due to natura! radiation. Further, we 
acknowledge that a certain amount of damage may be due to 
necessary medical x-ray exposure. We must admit the possibility 
of additional change through nuclear experiments. We are trying 
to get the Federal Radiation Council to establish a level which 
will allow the nuclear energy projects and industry to contribute 
only a portion of the natural radiation exposure to minimize any 
possible hazard. Each project would contribute only a small 
fraction of this so the total from ali would be only a portion. 
The total exposure of man from a!l radiation will continue to be 
responsible for only a portion of the genetic hazard due to all 
causes. In the case of radiation, we have large dosimetric 
experiments on animals which can be checked out and form the basis 
for a value judgment in this area. The intent of the guidelines 
would be to keep the risk to humans negligible relative to the 
benefits that can be obtained. 
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THE PLOWSHARE PROGRAM 


Richard Hamburger 
U. S. Atomic Energy Commission 
Germantown, Maryland 


ABSTRACT 


The Plowshare Program was established in 1957 as a 
research and development program to develop peaceful uses 
for nuclear explosives. During that year, the basic con- 
cepts, which have guided the progran, were proposed for 
using nuclear explosives in large excavation projects, 
conservation and management of natural resources, and 
sctenttfie research. Research has been conducted primarily 
by the Lawrence Radtation Laboratory at Livermore, Cali- 
fornia; however, substantial assistance has been provided 
by a number of other government agencies and nattonal 
laboratories. Sufficient knowledge of the phenomenology 
of underground nuclear explosions and their effects has 
been developed to permit consideration of industrial use of 
such explosions. To this end, the first government- 
industry cooperative nuclear experiment, Project Gasbuggy, 
was conducted in December 1967. Additional proposals have 
been received for using nuclear explosives in stimulating 
natural gas production from reservoirs of varying charac- 
teristics: The storage of natural gas, the recovery of 
copper from a low-grade deposit, and preparing oil shales 
for in sttu retorting. It ts believed that several ex- 
periments in each of these fields are necessary to develop 
a proven technology. The timely development of a nuclear 
excavation technology for use in large-scale excavation 
projects is a primary program objective and, although 
additional reasearch and development are needed, substantial 
progress has been made in several areas. A ecapabtlity for 
predicting crater sizes from single and row charges has 
been successfully demonstrated. The development of low 
fiasion nuclear explosives for use in excavation projects 
has been very successful. It ts believed that such 
projects can be conducted safely. Large nuclear exca- 
vatton projects, such as harbors and canals, must be 
closely examined in view of the restraints of the limited 
Test Ban Treaty. 


Industry's interest and participation in Plowshare 
continue to tnerease and commercial use of nuclear 


explosives can be expected in the near future. Legis- 
lation to permit the AEC to provide nuclear explosive 
services commercially has been introduced in the 
Congress. The potential obligations that the U. S. 
would assume under the Non-Proliferation Treaty, would 
commit the U. S. to providing nuclear explosive ser- 
vices to non-nuclear weapon countries when the necessary 
technologies have been developed. A number of countries 
have expressed considerable interest in a variety of 
peaceful uses for nuclear explostons. 
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Plowshare is the name given to the program of the U. S. Atomic 
Energy Commission (AEC) for developing industrial and scientific uses 
for nuclear explosives. The purpose of this paper is briefly to 
describe the Plowshare program and to provide a setting for the many 
related topical papers that follow. In doing so, the history of the 
program will be summarized, its current status and outlook for the 
future will be described, and some of the major factors will be men- 
tioned which have a significant influence on the development and 
growth of the related technologies and their industria! and civil use 
applications, 


There are few people in the world who are not aware of the poten~ 
tially destructive effects of nuclear explosives when used as weapons, 
but few people are aware of the great benefits that can be obtained 
when such explosives are used for peaceful purposes. Never before has 
man had for constructive purposes the tremendous amounts of energy in 
low cost, small, and easily transportable packages that are available 
in nuctear explosives. Energy on a scale never before imagined can be 
used to accomplish tasks or work heretofore considered impossible or 
impractical because of excessive costs and time that would be required 
to bring them to fruition using conventional means. Large excavation 
projects, such as interoceanic canals, harbors, and transits through 
mountains, that have been considered technically feasible but imprac- 
tical using conventional excavation means, can now be considered 
technically and economically feasible using nuclear explosives. Large 
masses of rock can be broken and fractured below the surface in prepar- 
ation for exploitation of mineral resources too low-grade for recovery 
by conventional means, or for creating means for conserving and 
Managing water resources. A nuclear explosion creates temperatures 
and pressures in the millions of degrees and atmospheres which are 
not attainable in laboratories; they also produce fundamental particles 
and most forms of electromagnetic radiation. New elements that do 
not occur on earth have been created in nuclear explosions. Einsteinium 
and Fermium were first identified in the products of a thermonuclear 
explosion. 


Historically, it would be very difficult to determine when and 


10 


by whom ideas. were first put forth on using controlled nuclear chain 
reactions for peaceful purposes; however, there are clear indications 
that such ideas and suggestions were in being before Fermi and his 
group successfully initiated and controlled man's first sustained 
nuctear chain teaction in Chicago. Detonation of Trinity in 1945, 
the first nuclear explosion, demonstrated a definite possibility for 
harnessing the tremendous amounts of energy, that had suddenly 

become available, for peaceful uses. Scientists informally discussed 
and explored this possibility and in November 1956, Jan in-house 
conference wasjhetd on peaceful uses of nuclear explosives at the 
Lawrence Radiation Laboratory, at Livermore, California, (LRL). In 
February 1957, the first Plowshare symposium was held to discuss 
"Industrial ite of Nuclear Explosives;" the basic concepts proposed 
at this meetitg have since formed the basis for the program. These 
concepts propbsed the possible use of nuclear explosives in large 
excavation prpjects, conservation and management of natural resources, 
and selon Ff research. In June of the same year, the AEC approved 
the establishment of a research and development program tc develop 
peaceful uses for nuclear explosives; this was the formal beginning of 
the Plowshare program. Substantial growth and progress were achieved 
in the nextifew years and the Division of Peaceful Nuclear Explosives 
was established in 1961. 


Orgayizationally, the Division of Peaceful Nuclear Explosives 
has over-aj/l responsibility for direction and administration of the 
AEC's PlowShare program, and in carrying out these functions, it draws 
fully on fhe talents of the Divisions of Biology and Medicine, Oper- 
ational fety, Public Information, Military Application, International 
Affairs,/and other Headquarters' Groups. The chief technical effort in 
the program is carried out at URL, but significant research in specific 
technical areas is being conducted by the Sandia Corporation in 
Albuquerque, New Mexico, and the Oak Ridge National Laboratory, the 
Savannah River Laboratory, and the Los Alamos Scientific Laboratory. 
Other gqwernment agencies, such as the U. S. Bureau of Mines, the 
U. S. Ga@logical Survey, the Environmental Science Services Adminis- 
tration (ESSA), and the U. S. Army Corps of Engineers cooperate and 
provide lassistance in their particular areas of research. 


The AEC Nevada Operations Office (NVOO) is responsible for the 
conduct/of all nuclear explosions, including Plowshare experiments 
and prgjects and, lately, has become responsible for assisting private 
companies in defining experiments for developing specific concepts 
for ifdustrial applications of nuclear explosions. in carrying out 
field operations for an experiment, especially those related to radio- 
logig safety, NVOO is assisted by the U. S. Public Health Service (PHS) 
in agsuring the safety of the public from the effects of the nuclear 
explgsion; the PHS also provides significant assistance in informing 
the fublic. The PHS accomplishes this through its own cadre of health 
offifers assisted by state and focal health organizations. The NVOO 
is aso assisted in its safety operations by the Air Research Labora- 
tory of ESSA, the U. S$. Bureau of Mines, the U. S. Geological Survey, 
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the U. S. Coast and Geodetic Survey, and other public and contractor 
organizations. 


in the early years of the Plowshare program almost all effort 
was directed to conducting basic research on the processes and phenomena 
involved in nuclear expiosions. Experiments were planned and conducted, 
such as Gnome, the first Plowshare nuclear experiment conducted in 
December 1961, and Sedan, the first Plowshare nuclear cratering experi- 
ment, conducted in July 1962. Hundreds of nuclear weapons tests were 
studied in great detail and relevant data were integrated into a 
rapidly expanding Plowshare literature. Data were obtained on crater- 
ing processes and radioactivity, air blast, seismic effects, cavity 
growth and collapse, chimney growth and dimensions, extent of fractur- 
ing, and ground shock effects. Numerous smal! cratering experiments 
using high explosives were conducted in various media for developing 
an understanding of explosion cratering processes and empirical 
scaling laws for developing a predictive capability for crater 
dimensions and other explosion effects. At the same time considerable 
effort was made in developing and testing clean nuclear explosives and 
emplacement techniques for reducing the amount of radioactivity 
that might be released from cratering experiments. Special explosives 
and techniques were developed for conducting several scientific 
experiments. Numerous public meetings and symposia were held at which 
developments in the Plowshare research and development program were 
presented. 


Currently, the underground engineering technology, in which the 
effects of contained nuclear explosions are utilized, has been developed 
to the stage where several companies have submitted or are preparing 
proposals for joint government-industry experiments to investigate the 
feasibility of several concepts of industrial applications of nuclear 
explosions. The first nuclear explosion in which private industry 
participated was the Gasbuggy experiment which was jointly conducted 
on December 10, 1967, by the government and the El Paso Natural Gas 
Company. Gasbuggy was designed to test the concept of nuclear stimu- 
lation of natural gas from a host rock of low permeability; and although 
production tests are still being conducted, preliminary results indicate 
that the experiment has been successful. Additional gas production 
stimutation experiments each In differing media, at depths up to about 
{3,000 feet, and with varying yields are being investigated. Similar 
proposals have been submitted and are in various stages of implementation 
for testing concepts of using nuclear explosions to fracture a low 
grade copper deposit in preparation for in situ leaching, to create a 
storage facility for natural gas, and to fracture oi! shale in prepar- 
ation for in situ retorting. 


One of the first industrial proposals made to the AEC was for 
conducting the Carryall Feasibility Study to determine the feasibility 
of using nuclear explosives to excavate a transit, wide enough for 
double raitroad tracks and a multiple lane highway, through the Bristol 
Mountains in the Mojave Desert. The Santa Fe Railway Company and the 
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State of Callfornia jolned with the AEC In making the study which indi- 
catec the feasibility of such an experiment. The project did not 
prograss beyond the feasibllity study because of an incompatibl lity 
betwesn the development of the technology and the highway construction 
schedile. Since then a number of nuclear cratering experiments have 
been conducted in which significant progress has been made In the 
develooment of a nuclear excavation technology. A cratering effects 
prediction capabillty, using computers, has been developed which will 
provide a more accurate means of designing nuclear excavation projects. 
SimuJtareous detonation of flve nuclear explosives emplaced In a row, 
Project Buggy, indicated the feasibility of nuclear harbor and canal 
excavation. 


Looking Into the future, we plan to continue our research and 
development program for developIng the technologies required for peace- 
ful appl cations of nuclear explosions. Basic research will be done 
to further our understanding of the phenomenology of nuclear explosions 
and thelr effects, and we plan to conduct at least one specifically 
designed experiment to further our knowledge in this field. Activities 
now In progress will continue as rapidly as possible to develop explo- 
slves specifically designed for underground engineering uses and means 
of producing them at the lowest possible cost. We look to and antici- 
pate Increasing private Industry particlpation in joint nuclear under- 
ground experiments for developing and demonstrating specific applica- 
tlons should be proven for commercial use in the relatively near future. 


In anticipation of this phase, studles are underway for improving 
procedures ior processing proposals and for operational systems, in- 
cluding safety, for conducting projects; some results of these studies 
are currently in process of implementation. Simplified field equipment 
systems have been designed and procurement has been authorized for some 
of the necessary equipment. Evolving from studies and experience by 
the AEC and private companies is an improved concept for pre-shot and 
post-shot operations. The AEC is responsible, by law, for conducting 
all nuclear explosions safely, and procedures under study will permit 
the government to fulfill its responsibilities and allow maximum 
particlpation by private companies. This would be done by the AEC pro- 
viding guiding criteria and private industry conducting the necessary 
studies and surveys on which the AEC can make a determination on the 
safety of the experiment. Such criteria would be dependent on the 
nature of the experiment and characteristics of each site. 


Research and experiments will continue in developing a nuclear 
excavation technology. We plan to conduct several nuclear cratering 
experiments to provide a timely determination on the technical feasi~ 
billty of nuclear excavation for use by the Atlantic-Pacific Inter- 
Oceanic Canal Study Commission. That Commission is studying the 
feasibility of using nuclear explosives to excavate a sea-level canal 
in the American Isthmian region; the schedule for the Commission's 
final report to the President is December |, 1970. 
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Several states have expressed strong interest in the possible 
application of n clear explosions for a number of purposes within 
thelr areas. Last year, the State of Arizona requested the AEC and 
Department of interlor to join with the State In conducting a fteasi- 
billty study for the possible use of nuclear explosives for conserving 
and managing water resources in Arizona, This study Is In progress 
and Is expected to be completed by July J, 1970. Several of the states 
in the Appalachian region have considered the use of nuclear explosions 
to assist in exploiting their mineral and water resources as a means 
of attracting Industry and caplta! investiment to improve the economic 
status of the region. Meetings have been held with representatives of 
the State of Idaho on the possible use of nuclear explosions to produce 
aggregate for a rock~flll dam near Twin Springs. A symposlum on peace~ 
ful uses of nuclear energy was recently held In Bolse In which severa 
Plowshare papers were presented; the Governor, state legislators, the 
Idaho Nuclear Energy Commission, the Idaho Water Resources Board, and 
representatives of civic and Industrial groups participated. We have 
been encouraged by the active interest of these states and look forward 
to others participating in our program. Cooperation of states in the 
Plowshare program Is considered essential for the successful conduct 
of necessary experiments and later, commercial application of nuclear 
explosives. 


Although the Atomic Energy Act permits the AEC to conduct experi- 
ments and demonstrations of peaceful applications of nuclear explosives, 
the AEC is not now authorized to provide explosion services on a commer- 
cial basis. Congressman Craig Hosmer, from California, considering the 
progress made in the AEC's Plowshare program and the proximity of the 
application of nuclear explosives on a commercial basis, last year 
authored legislation which would authorize the AEC to provide commercial 
Plowshare services. This legislation was introduced in both Houses of 
Congress during its last session. This legislation has been reintro- 
duced in the current session. Public hearings were held by the Joint 
Committee on Atomic Energy Jast year at which time government and 
industrial officials appeared before the Committee or submitted state- 
ments favorably endorsing the legislation. It is anticipated that 
hearings wlll be held this year. Should the enabling legislation sub- 
sequently be enacted it would be a significant step toward the goal of 
providing a useful and economic explosion service to users of Plowshare 
technology. 


Enactment of legislation permitting the AEC to provide commercial 
nuclear explosion services also would facilitate providing such services 
to foreign countries under Article V of the Non-Proliferation Treaty. 
Article V states, "Each Party to the Treaty undertakes to take appro- 
priate measures to ensure that, in accordance with this Treaty, under 
appropriate international observation and through appropriate inter- 
national procedures, potential benefits from any peaceful applications 


of nuclear explosions will be made available to non-nuclear-weapons 
States Party to the Treaty on a non-discriminatory basis and that the 
charge to such Parties for the explosive devices used will be as low 
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as possible and exclude any charge for research and development." The 
nuclear explosives would remain under the custody and control of the 
nuclear-weapon state, which would, in effect, provide a nuclear explo- 
sion service. 


Such a service would be for those peaceful applications that have 
been proven technically and economically feasible and are permissible 
under the limited Test Ban Treaty. The latter prohibits all nuclear 
explosions which cause, “radioactive debris to be present outside of 


the territoria! limits of the country under whose control or juris- 
diction such explosion is conducted." The restraints of this treaty 
will be an important and, perbaps, controlling factor on applications 


of nuclear excavation such as harbors, interoceanic canals, and other 
excavation projects In proximity to country borders. 


As Plowshare technologies are developed and are commercially 
applled In domestic and foreign industrial flelds there will be an 
increasing demand for engineers and scientists with training and 
experlence in nuclear explosive engineering. It is very important to 
the realization of Plowshare goals that adequate numbers of such per- 
sonne! become available to private industry and federal! and local 
governments beginning in the very near future. This requirement was 
early recognized by several universities, and plans were developed and 
implemented to include appropriate courses in both undergraduate and 
graduate schools. Currently, definitive courses in nuclear explosive 
engineering are offered by the Stanford University, the University of 
California at Davis, and the Pennsylvania State University. Closely 
related courses and subjects are offered at the University of Michigan, 
University of Arizona, University of Puerto Rico, and lowa State 
University. Other colleges and universities are seriously studying the 
matter. On March 31 and April | and 2, a symposium on "Education for 
Peaceful Uses of Nuclear Explosives," was held in Tucson, Arizona. In 
addition to papers on the status and technological requirements of 
nuclear explosives and explosion engineering, excellent presentations 
were made on related educational programs, university research and man- 
power needs, and development of educational means to meet the growing 
need for Plowshare related engineers and scientists. The AEC very much 
appreciates the efforts that have been made to include Pltowshare 
related courses in college and university curricula and urges that such 
efforts be increased and expanded to include other schools; in this 
connection, the AEC will cooperate and provide whatever assistance it 
can. It is appropriate at this point to suggest that it be recognized 
that there is a difference between nuclear explosive and nuclear 
explosion engineering. The former should be concerned with the 
design and development of nuclear explosives with characteristics 
specific to fhe needs of the various applications. Nuclear explosion 
engineering should be concerned with the safe and economic application 
of the effects of nuclear explosions. 


Industrial applications of nuclear explosions have received con- 
siderable attention by the Atomic Industrial Forum (AIF), American 
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Nuclear Society, (ANS), and other professional and industrial groups. 
The AIF held an “international Conference on Constructive Uses of Atomic 
Energy" concurrently with a session of the ANS winter meeting in 
Washington, D. C., in November 1968. Government and industry spokes- 
men reviewed the status of industria! participation in the Plowshare 
program and identified several areas in which such participation could 
be expanded by simplified government procedures, establishment of 

safety criteria, and release of more Plowshare information. 


The AIF has established a Committee on Industrial Plowshare 
Applications to study and make recommendations on industry's partici- 
pation in developing and applying industrial Plowshare technologies. 
Flve subcommittees were organized with specific areas to be investi- 
gated and studied. The AEC is cooperating with these groups and 
anticipates considerable assistance from them in establishing appro- 
priate government-private industry relationships to foster greater 
Industry participation in experiments and establish procedures for 
commercial application of Plowshare technologies. 


Foreign interest in Plowshare and awareness of its potential 
benefits began during the early years of the program. Numerous 
suggestions for applications have been received from foreign coun- 
tries and information provided on request. Several countries have sent 
groups to the U. S. for orientation meetings and visits to the lab- 
oratories and field offices. 


Australia, from an early date, has been very interested in the 
Plowshare program and, as a result of an evaluation of the program by 
three Australian government officials in 1963, determined at that time, 
that with further development of the related technology, nuclear 
explosions could assume a significant, if limited, role in the 
construction of major works and the exploitation of mineral resources 
in that country. Recently, the Government of Australia requested 
the U. S. Government to participate in a study to determine the 
technical and economic feasibility of conducting an experiment to 
create a harbor with nuclear explosives near Cape Keraudren on the 
northwest coast of Australia. The U. S. agreed to participate, and 
assigned to the AEC the task of carrying out U. S. responsibilities. 
A series of meetings was held with representatives of the respective 
governments and the mining company, which would utilize the harbor, 
to define the proposed feasibility studies. The mining company re- 
evaluated its need for a harbor and indicated its desires to limit 
its participation in the studies. Since the economics of the mining 
venture would be an essential element, the Australian and the U. S. 
Atomic Energy Commissions concluded that there would be insufficient 
basis for proceeding with the proposed studies. They continue to be 
interested, however, in the possible use of nuclear explosions for 
harbor construction and will continue their review of the practica- 
bility of applying this technology to other possible harbor sites in 
the area. 
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Whether Plowshare experiments or Industria! application projects 
are planned to be conducted on foreign or domestic sites, thelr actual 
execution wlll depend on thelr acceptance by the public. The public 
Is acutely aware of the potentially harmful effects of nuclear explo- 
sions and It Is easily understandable that many peopte should view all 
such exploslons as unnecessary except those related to national 
security. Thls was recognized very early in the Plowshare program and 
extensive, continuing efforts were Initlated to educate the public on 
the beneflts to be achleved through peaceful uses of nuclear explo- 
sives and the great care that Is taken to assure that effects of the 
exploslons do not create hazards to the safety of the public. The 
genera! public acceptance must be obtalned for Plowshare experiments 
and industrial projects In general, however, the acceptance of the 
public In regions and local areas in which the detonatlons are planned 
Is most critical. To achleve this acceptance, the public must be kept 
fully Informed of the nature of the proposed project; its purposes and 
anticipated benefits; how, when, where, and by whom it Is to be con- 
ducted; the accuracy of predicted effects and the soundness of eval- 
uations of those effects on people and manmade and natural objects; and 
the efforts that will be taken to prevent those effects from becoming 
hazards. 


The health and safety aspects of the Plowshare program are not 
elements apart from the technical and economic aspects. The cost of 
safety is an Integral part of the feasibility of any application, 
in the same way as In the cost of, say, drilling the emplacement hole. 
Just as one wants to drill the hole In the most economic manner, one 
wants to assure safety In the most economic manner. Just as a smaller 
cheaper hole which will not accommodate the explosive is useless to the 
user, a safety program which considers only cost is worthless. Carrying 
the analogy one step further, just as much effort and thought is 
expended (n learning how to drill! holes for less money, similar effort 
and thought must be expended so as to assure safety at least cost. 


Plowshare is a multifaceted program. {+t draws on many fields of 
knowledge. Symposia such as this one provide the public with the oppor- 
tunity to understand how all phases of the program move forward together, 
cross-feeding Informatton to each other. In addition, symposia and 
public meetings, such as this one, have proven to be an effective means 
of informing atl members of the public, including the scientific and 
engineering regimes, educational institutions, news media, and the 
great numbers of the general public. It is hoped that the information 
presented and made avallable to the public through this symposium will 
be helpful to the public in obtaining a better understanding and 
acceptance of our program. 
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QUESTIONS FOR RICHARD HAMBURGER 


From M. ChessIn: 


In view of Or. Terrill's commants about contamination of underground 
materials such as produced by projects such as Gasbuggy, what has 
been the fate of gas produced by Gasbuggy? 


ANSWER: 


The gas from Gasbuggy was flared under controlled conditions. This 
was done In such a manner as to not exceed appropriate atmospheric 
concentration guides. None of this gas has been released for commer- 
clal or publlc use. 


From Dr. N. Simon: 


You stated, "Gasbuggy was a success." By what criteria from a public 
health aspect? Are there data on contamination of gas or envi ronment? 


ANSWER: 


| meant that Gasbuggy was a success in the sense that it accomp! ished 
the primary purpose of increasing gas production at that site. As far 
as contaminatlon of the gas or environment, data from this project will 
provide answers which wi{l be used in the design of future experiments 
so that any hazard can be reduced to neg!iglble proportions. 


From Kenneth Kase: 


ts DPNE doing anything to establish criteria for siting Piowshare 
projects similar to the Reactor Siting Criteria? 


ANSWER: 

| am not sure | understand fully what is meant by that question as | 

am not familiar with reactor siting criteria, We are working on safety 
criteria for Plowshare events, and this is not limited to radionuclides 
but also includes shock damage and underground water contamination. 
From R. A. Nelson: 

What are the Interests of the insurance companies in the Plowshare 


program now and In the near future’ in providing Jiability and property 
damage coverages to the commercial users of nuclear explosives? 
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ANSWER: 


The insurance companies, as far as ! know, are looking into the 
possibilities of providing coverage for these projects. 


From R. A. Nelson: 


Do you know if NELIA (Nuclear Energy Liability !tnsurance Association) 
has been involved in this Plowshare program to provide the coverages 
needed? 


ANSWER: 


| do know that they have been asking for information though there is 
little enough experience on which to base rates, but | believe the 
Association would be the proper agency to address this question to. 


From Dr. Robert B. Medz: 


Reference was made to increase permeability of sub-surface rock 
structures, What are the public health risks involved in contamin- 
ation of underground waters from deep well waste disposal practices 
as a consequence of this increased permeability? 


ANSWER: 


There are really two factors to be considered here. First, ground 
water entering the permeable space would block gas flow and so defeat 
the purpose of gas stimulation experiments. Also, from a public 
health standpoint, contamination of ground water must be minimized. 
For these reasons, such experiments are carefully planned to elimi- 
nate these possibilities. This would also apply to deep well waste 
disposal practices. 


From C. L. Pringle: 


Is DPNE funding studies on maximum permissible concentrations for 
consumption of gas? 


ANSWER: 

We are funding studies by various organizations which wi!l provide 
information on which to base criteria such as the maximum permissible 
concentration in the gas for public use, and these will be done 


carefully before any such use is permitted. 
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8. 


From Mr. T. Otsubo: 


What is the feasibility of nuclear explosive application to explor- 
ation of such mineral mines as copper, fead and zinc underground? 


ANSWER: 


| think the answer to that is there is not too much of an application 


to the exploration of minerals, but there is for exploitation of 
certain ores such as those which can be leached in situ or which can 
be recovered by caving operations. 
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NUCLEAR CRATERING APPLICATIONS 
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ABSTRACT 


The development of nuclear excavation tech- 
nology ts based on the premise that the relatively 
inexpensive energy available from thermonuclear 
explosives can be used to simultaneously break 
and move large quantities of rock and earth eco- 
nomtcally and safely. This paper discusses the 
economtie and other advantages of using nuclear 
exeavation for large engineering projects. A 
brief desertption of the phenomenology of nuclear 
excavation ts given. Each of the several proposed 
general applications of nuclear excavation tse 
discueeed to inelude a few specifie examplee of 
possible nuclear excavation projects. The dis- 
cusston ineludee nuclear excavation for harbors, 
canale, terrain transits, aggregate production, 
mining and water resource development and conser- 
vatton. 
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Throughout his history, man has searched for new and 
better means to break and move rock and earth. His search 
has progressed from hitting one rock with another and using 
his hands to scoop up the broken pieces, to breaking rock 
with explosives and moving the broken pieces with huge earth- 
moving and digging machines which can handle 100 cubic yards 
or more with a single bite. These were the tools of excava- 
tion until the detonation of the first nuglear explosion, in 
1945, opened the possibility for the development of a tre- 
mendous new excavation tool. The successful detonation of 
the first thermonuclear device heightened these possibilities 
even further by demonstrating that nuclear explosives could 
utilize the cheaper fusion fuels, with the bonus of less by- 
product radioactivity than with fission fuels. It is not 
unusual that such a tool should be born as a tool of war. 

The first explosive, black powder, was also born as a tool 
of war and explosives existed for over six hundred years 
pefore being applied to peaceful purposes. It seems 
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encouraging then, that less than twenty-five years after the 

first nuclear explosion, man is actively engaged in develop- 

ing this huge energy source as an engineering tool for peace- 
ful purposes. 


The development of nuclear excavation technology is based 
on the premise that the inexpensive energy available from 
thermonuclear explosives can be used to simultaneously break 
and move large quantities of rock and earth economically and 
safely. It is considered possible, with the development of 
nuclear excavation technology, to use nuclear energy to per- 
form the excavation required for large engineering projects 
such as canals, harbors, cuts through mountain barriers, and 
other large excavations that might not otherwise be done. 
Nuclear excavation, both domestic and international, appears, 
in some cases, to offer potential cost savings in the hundreds 
of millions of dollars and significant reductions in construc- 
tion time. Indeed, in many large earth-moving concepts, the 
financial requirements, extending over long periods of time, 
make the excavations economically infeasible with current 
earth-moving systems. The nuclear explosion, as a new, rela- 
tively cheap excavation tool, may make such concepts much 
more attractive. 


The inherent advantage of using nuclear explosions for 
excavation lies in the huge energy source available in a 
small package and at low cost per unit energy released. This 
advantage is manifest at a few kilotons yield (equivalent 
to a few thousand tons of TNT) and becomes increasingly ap- 
parent at greater yeilds. To illustrate the economic attrac- 
tiveness of nuclear explosives as energy sources, one can 
use the projected charges for thermonuclear explosives re- 
leased by the Atomic Energy Commission in 1964 (Figure 1). 
These projected charges, which were released only for use in 
feasibility studies and evaluations, are based on a projec- 
tion to a time when thermonuclear explosives would be produced 
in quantity for routine commercial utilization. The charges 
cover nuclear materials, fabrication and assembly, and arming 
and firing services, but do not cover significant related 
services such as safety studies, site preparation--including 
construction of holes, transportation and emplacement of ex- 
plosives, and support. The latter services, of course, de- 
pend significantly on the number of explosives detonated at 
a given location. As can be seen, the costs of the explo- 
sives on a per ton basis, range from $35/ton for a 10 Kt 
explosive, down to $0.30/ton for a 2 Mt explosive (equiva- 
lent to 2 million tons of TNT). As a comparison, dynamite 
and TNT cost $400-$500/ton. 


Thermonuclear explosives designed for nuclear excavation 
can be expected to be of a size which could be emplaced in 
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48 to 72 inch diameter holes. In contrast, 10,000 tons of 
TNT, in its most compact form, a sphere, would require a hole 
over 80 feet in diameter. If one envisions an engineering 
project of a size requiring a few hundred kilotons of explo- 
sives, the logistics problems of producing, transporting and 
emplacing the required quantities of chemical explosives be- 
come staggering. This, of course, is one of the reasons chem- 
ical explosives are not used in this manner. 


Although there are engineering projects in the United 
States and other highly industrialized nations, where nuclear 
explosives may be used to advantage, the potential economic 
advantages of engineering with nuclear explosives are even 
more pronounced in many less industrially developed areas. 

In many such areas, the cost of importing new equipment or 
diverting existing industrial capacity to support large earth- 
moving projects limits the capability to accomplish such work 
and thereby impedes development. Of course, the choice of 
construction method on any project must depend on an analysis 
and comparison of the alternative means available, and must 
consider the total requirements necessary to produce a com- 
pleted project with a given energy system. In general, one 
can say that the types of projects for which nuclear explo- 
sives are most likely to be an advantageous energy source, 
are those which require excavation of rock in suffic’ent 
volume to require yields approaching 10 kilotons or “arger, 
or those which require large excavated cross-section near 
100 meters in depth, in soft materials such as alluvi'n. 


Before discussing several proposed applications of nuclear 
excavation, it is necessary to understand a few generalities 
of the phenomenology of nuclear excavation and to become ac- 
quainted with a few of the terms. Depth of burst (dob) is 
the term used to delineate the distance below the ground sur- 
face at which the explosion takes place. Optimum depth of 
burst is that depth of burst at which crater dimensions are 
maximized. This, of course, is a function of the yield of 
the explosive and the characteristics of the material in which 
the explosion takes place. Figure 2 illustrates the sequence 
of events in a nuclear cratering explosion. When the explo- 
sive is detonated, extremely high temperatures and pressures 
are generated and the rock immediately surrounding the explo- 
sion point is vaporized. At the same time a compressional 
shock wave radiates spherically from the explosion point 
doing work in the form of crushing compaction and plastic 
deformation. Upon reaching the free ground surface, the 
shock wave is refracted back toward the explosion point, 
placing the rock in tension. If the sum of the outgoing com~ 
pression wave and the refracted wave exceeds the tensile 
strength of the rock, the rock will fail in tension and 
pieces will fly off with a velocity characteristic of the 
momentum trapped in the "spalled" piece of rock. As the 
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rarefaction wave returns to the cavity, it reinforces the 
high pressure gases pushing on the walls of the cavity. The 
cavity expands asymmetrically toward the surface, folding 
back, accelerating and ejecting much of the overlying mate- 
rial and allowing the explosion gases to filter through the 
disassembled mound. As the cavity pressure is relieved, the 
material which received insufficient horizontal components 
of velocity to eject it from the excavation, falls back into 
the crater. Enough material is ejected, however, to leave 
an excavation of considerable volume; over 6 million cubic 
yards in the case of the 100 Kt Sedan crater, a Plowshare 
experiment in 1962. : 


If the explosion takes place somewhat deeper than opti- 
mum cratering depth, the sequence of events (Figure 3) is 
essentially the same up to the point of disassembly of the 
mound but the visible effects on the surface are altered. 

In this case, the explosion is deep enough so that the shock 
wave has been attenuated to a great degree before reaching 
the surface and the effects of spalling are reduced. The 
cavity pressure is relatively lower just prior to mound rup- 
ture, the cavity stops growing and the overlying material 
collapses into the cavity. Little or no material is actually 
ejected from the excavation. If the material has a bulking 
factor somewhat greater than one, as does most rock, it will 
occupy a greater volume when broken than it did in situ. If 
the bulked volume of the collapsed material is greater than 
the cavity volume, the surface manifestation of this mode of 
emplacement is a mound of broken rock. On the other hand, 

if the volume of the collapsed material plus the volume of 
the void spaces is less than the cavity volume, the collapsed 
material will not fill the cavity completely and the surface 
manifestation will be in the form of subsidence, termed a 
subsidence crater. When the detonation is at a much deeper 
depth of burst, the collapse does not propagate to the sur- 
face and the only surface manifestation may be a very broad 
dome raised some few inches to tens of inches in the center. 


All three types of excavations, ejects, bulk, and sub- 
sidence craters, may be used for potential nuclear excavation 
applications. However, before discussing these potential 
applications, it should be pointed out that no proposed nu- 
clear excavation application is in an active stage of planning 
for execution. The transisthmian sea-level canal proposal 
is in a feasibility study stage and no decision will be made 
regarding its construction until after the Atlantic-Pacific 
Interoceanic Canal Study Commission has reported to the 
President, now Scheduled for December 1, 1970. Another 
feasibility study to determine possible uses of nuclear 
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explosions for water resource development in Arizona is now 
in progress. All other applications which will be mentioned 
are merely suggestions from individuals, private consultants, 
engineering firms, etc. (Bibliography 6, 7, 8, & 9); sugges- 
tions which have been reviewed in more or less detail to de-~ 
termine if they might be suitable projects. No project would 
be undertaken, of course, without a detailed economic and 
technical (including safety) feasibility study, and then fur- 
ther study, if feasibility were established, to enable design 
of technical, safety, support, and other requirements. 


Probably the most widely known of the applications for 
which nuclear excavation is being considered is the construc- 
tion of canals (Figure 4), specifically the construction of 
a sea-level canal across the American Isthmus. The Atlantic- 
Pacific Interoceanic Canal Study Commission, established by 
the 88th Congress, is charged with determining the feasibility 
of, and the most suitable site for, the construction of a 
sea-level canal connecting the Atlantic and Pacific Oceans; 
the best means of constructing such a canal, whether by con- 
ventional or nuclear excavation, and the estimated cost thereof. 
The Chief of Engineers of the U. S. Army Corps of Engineers 
has been designated as the Engineering Agent for the A-P/ICSC 
and the Corps of Engineers is developing on-site information 
in such fields as geology, hydrology, topography, and hydrog- 
raphy. The U. S. Atomic Energy Commission is developing data 
in such fields as meteorology, seismology, and ecology for 
use in the nuclear safety studies and, of course, through 
the Plowshare program is providing information on the tech- 
nical feasibility of nuclear excavation. Three nuclear cra- 
tering experiments, Cabriolet, Buggy, and Schooner, were con- 
ducted in 1968 as part of the nuclear excavation research 
and development program which provides information to the 
canal studies. 


The concept for nuclear excavation of a long canal, such 
as a transisthmian canal, is depicted in Figure 5. Since 
the total excavation might require 300 or so explosives with 
a combined yield of 200 or 300 Mt (depending on the route 
selected, geology, and many other parameters), one would not 
propose to excavate the entire length in one blast because 
logistics, safety, and other considerations could become un- 
manageable. If one were to attempt to drive the canal straight 
through, without skipping alternate sections, the personnel 
working in the section immediately adjacent to the section 
where a detonation was imminent, would have to be evacuated 
during the detonation. The detonation would collapse some 
of the emplacement holes in the adjacent section if they had 
been predrilled. The base surge from the detonation would 
cover a portion of the adjacent section resulting in some 
radioactivity deposition. Workers would have to wait for 
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the radioactivity to decay before they could return to that 


portion of the adjacent section to prepare it for the next 
detonation. 


Therefore, the leap-frog concept has been suggested where- 
in the total yield of a string of explosives would be limited 
to, perhaps, a few megatons. Such a concept would not only 
enable control of ground motion, air blast, and radioactivity 
effects but, would also allow drilling crews to prepare em- 
placement holes in alternate sections up the line at the same 
time that emplacement and detonation operations were in prog- 
ress on previously drilled sections. By the time the first 
pass across the canal route was completed, residual radioac- 
tivity levels from deposition on the first unexcavated sec- 
tions should be very low and workers could safely enter and 
start preparing them for detonation, and then proceed on across 
the route in the same manner as before to complete the exca- 
vation. 


Although a transisthmian sea-level canal is the best 
known proposal, other canal projects have been suggested as 
possible projects suitable for nuclear excavation. A canal 
across the Isthmus of Kra on the Malay Peninsula could cut 
500 miles or more from the shipping lanes between India and 
the United States and Japan. Such a canal might be about 
30-50 miles long and would go through areas with elevations 
ranging from sea-level to about 900 feet above sea-level. 
Canals across the Alaskan Peninsula and across the Boothia 
Peninsula in Northern Canada have been suggested in order to 
shorten shipping lanes to the north and west coasts of Alaska 
and Northern Canada. 


Nuclear excavation has also been proposed as a means of 
removing barriers to shipping in otherwise navigable channels. 
As examples, the removal of rapids in the Madeira River in 
Brazil could permit river transportation from the Amazon to 
interior locations in Brazil, Bolivia, and Peru; elimination 
of shoals on the Paraguay River could provide freer naviga- 
tion to Asuncion; clearing the delta of the Mackenzie River 
in Northern Canada could be important to the development of 
Arctic North America. 


Nuclear excavation for canals might also be applicable 
to the diversion of water directly for, or to facilitate, 
construction of hydropower projects. One proposal envisages 
connecting the Qattara Depression in Northern Egypt to the 
Mediterranean Sea by a canal. The depression lies at a depth 
of about 164 feet below sea level and the hydrostatic drop 
might be used for power generation. Evaporation would be 
sufficient to maintain the drop for several hundred years. 
Nuclear excavated canals could also be used for stream diver- 
sion during conventional construction of dams or to divert 
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streams into canyons where dams have been previously construct- 
ed in the dry. 


Another reason for stream diversion is to get water from 
water-rich to water-poor areas. A nuclear excavated canal 
has been suggested as a means to divert water from the Niger 
River to the Volta River Basin, thereby recovering some 33 mil- 
lion acre-feet of water annually, amking it possible to irri- 
gate 2 million acres of land in Mali, Ghana, and Upper Volta. 
The proposed canal would be about 50 miles long through a 
maximum cut elevation of about 500 feet. A diversion of the 
Sao Francisco River in northeastern Brazil has been suggested, 
to bring water 40 miles through a mountain range for irriga- 
tion of an estimated 200,000 acres of land. A suggestion has 
been made to divert water from the eastern slopes of the Andes 
to arid western slopes. Studies have been conducted to divert 
water from Northern California to the Central Valley of Cali- 
fornia and to water-poor Southern California. Portions of 
this network might be suitable for nuclear excavated canals. 


Other water resource development and management projects 
could possibly use nuclear excavation in the form of craters 
for water storage (Figure 6) and ground water recharge (Fig- 
ure 7); crater lips for dams (Figure 8); strategically located 
explosions for ejecta and bulk dams (Figure 9); and explosions 
to produce aggregate for rock fill and concrete dams (Fig- 
ure 10). A feasibility study known as Aquarius is being con- 
ducted to determine if nuclear explosions may be suitable for 
use in developing and managing the water resources of Arizona. 
This study is a joint effort of the State of Arizona, pri- 
marily through the Arizona Atomic Energy Commission, the 
Department of the Interior, primarily through the Bureau of 
Reclamation, and the USAEC, with the assistance of the U. S. 
Army Corps of Engineers' Nuclear Cratering Group. The study 
is planned for completion before the end of this year. 


Some of the most arid areas of the world, much drier than 
the Southwestern United States, are not dry all the time, but 
rather are subjected to infrequent but torrential rainfalls. 
An outstanding example of such areas is the desert areas of 
Australia. Nuclear excavated craters might be used as catch- 
ment basins to collect and store the water from these rain- 
falls for use during the dry seasons. Nuclear explosions 
might also be used to advantage in opening or closing moun-~ 
tain passes and providing diversion canals to deflect streams 
from the wetter coastal regions to the interior deserts. 

Also, numerous proposals have been made for dams and diversion 
canals on the Indus and Ganges Rivers in Pakistan and India 
to aid flood control and irrigation. 
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A special type of ejecta or throwout dam has been sug- 
gested for construction in deep, steep-walled canyons such 
as are common in the rugged mountains of Alaska. In this 
case the explosion would take place in the wall of the canyon 
directing the ejecta across the canyon floor. In addition 
to the material thrown into the canyon, the material on the 
upper edge of the side-lying crater would be expected to col- 
lapse and spill additional rock onto the embankment. This 
technique has been successfully demonstrated by the Soviet 
Union wherein a 2.6 million cubic yard rock fill dam was con- 
structed across the Vakhsh River using 2,000 tons of chemical 
explosives buried in the side of the steep-walled canyon. 
A very similar technique has been demonstrated by nature in 
cases like the slide dam on the Madison River in Montana. 
In this case, an earthquake triggered a landslide which flowed 
across the canyon and dammed the river. Man then gave an 
assist by cutting spillways to prevent erosion, much as would 
have to be done on a dam constructed by nuclear excavation. 


The U. S. Army Corps of Engineers has identified areas 
in the Western U. S. where nuclear explosives might be used 
to advantage for producing aggregate for rock-fill or con- 
crete dam construction. This technique envisages breaking | 
the rock with nuclear explosions and recovering the broken 
rock with earth-moving equipment for further use in construct- 
ing the dam (or satisfying some other large demand for aggre- 
gate). 


Cuts through mountain barriers would be possible using 
the same nuclear techniques as for canals. Figure 11 shows 
a model of such an excavation to accommodate a railroad and 
superhighway passage. Note the crater on the right of the 
main excavation to serve as a catchment for runoff water. 
One possible application of this technique which has been 
studied in some detail, is a cut to accommodate the realign- 
ment of Interstate Highway 40 and the Atchison, Topeka, and 
Santa Fe Railroad through the Bristol Mountains in California. 
Another is the realignment of the Southern Pacific Railroad 
through Boca Pass near Lake Tahoe in Northern California. 
Several proposals have been made for nuclear excavations for 
road beds in Colombia, Argentina, and Chile. 


Figure 12 shows an artist's conception of a harbor and 
entrance channel excavated with nuclear explosions. Many 
areas of the world are known to have rich mineral resources 
which are not economically recoverable because of the lack 
of transportation. Construction of harbors on otherwise har- 
borless coastlines could provide shipping access, and lead 
to development of the areas. Notable among these areas is 
Western Australia. Recently, the Government of Australia 
invited the Government of the United States to participate 


28 


in carrying out a study of the technical and economic feasi- 
bility of using nuclear explosions to excavate a deep-water 
harbor at Cape Keraudren on the northwest coast of Australia. 
The United States agreed to participate in the feasibility 
study. Subsequently, the Sentinel Mining Company completed 
a reevaluation of its opportunities in the mining and mar- 
keting of iron ore, which was to be the principal product 
shipped through the proposed harbor, and decided to limit 
its participation in the study. Since the economics of the 
mining venture was an essential element, it was decided that 
there was insufficient basis for proceeding with the study. 
However, the U. S. and Australian Atomic Energy Commissions 
continue to be interested in the possible use of nuclear 
explosions for harbor construction and will continue their 
review of the practicability of applying this technology to 
other possible harbor sites in the area. 


The concept for this type harbor is an interesting one 
for possible application in areas where the sea bottom slopes 
gently away from the shoreline, thus limiting access by large 
ships to some few miles from the shore due to the shallow 
depth of water. Figure 13 shows an artist's rendition of 
a concept for such a harbor. The concept envisages detonation 
of 5 explosives, each with a yield of 200 Kt buried about 
1,100 feet apart and 800 feet beneath the ocean floor. The 
resulting crater would be expected to be about 6,000 feet 
long, 1,300-1,600 feet wide and 200-400 feet deep in the 
center. The side lips of the crater would be 200-300 feet 
high and end lips would be 30-60 feet high. Since the water 
is quite shallow for some distance off-shore, a channel would 
be dredged to the harbor and cut through the end lip by con- 
ventional means. Excess material from the crater lips would 
provide fill for a causeway to the mainland. The crater 
would provide a protected harbor for ships up to about 
150,000 DwT. 


Other possible harbor excavations have been suggested 
in Chile, Somalia, Peru, several in Alaska, and several in 
Australia. The recent North Slope 0il discoveries in Alaska 
have caused renewed interest in developing transportation 
to Northern Alaska. The logistics advantages of nuclear 
excavation for construction in such isolated areas seems 
obvious, however, construction by any means in permafrost 
areas is known to be a tricky proposition. 


Figure 14 illustrates the use of nuclear explosions 
to strip overburden from mineral deposits to facilitate open- 
pit mining. This technique has been suggested for use in 
several areas of Colorado, Utah, Arizona, and Wyoming. 
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Figure 15 shows still another possible technique for 
using nuclear explosions to aid in recovery of mineral de- 
posits. In this technique the explosion would take place 
at a depth which would produce a mound of broken rock in 
a shallow ore body. Leach liquor would be introduced at 
the surface, drain through the ore-bearing rubble and leach 
out the mineral. The pregnant liquor would then be pumped 
out from the bottom, processed to remove the mineral and 
the clean leach liquor recvcled. 


In summary, the possible applications of nuclear ex- 
cavation are many and varied; development of transportation 
routes and facilities through construction of harbors, canals, 
cuts through mountainous terrain and removal of navigation 
barriers; development and management of water resources 
through construction of diversion canals, storage reservoirs, 
dams and ground water recharge facilities; and development 
of mineral resources through overburden removal and in situ 
leaching. The potential economic advantages of nuclear ex- 
plosives for excavation are based on the huge amount of energy 
which is available in a small package at relatively low cost 
and which can be used to simultaneously break and move rock. 
The advantages are most pronounced in undeveloped areas or 
areas in the infancy of development, where logistic, indus- 
trial, and long-term financial support would be strained 
or totally insufficient to allow development with present- 
day construction methods. In this light, the development 
of nuclear excavation technology should provide man with 
an extremely useful and powerful engineering tool. 
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QUESTION FOR MARVIN M. WILL|AMSON 


From R. C. Pendleton: 


Conventional explosives leave no residual toxic materials. From 
the long-term contamination standpoint, can savings in dollars by 
using nuclear explosives be defended? 


ANSWER: 


The first thing we have to do is establish what the problem is as 

far as long-term contamination is concerned. As | noted when | 
started out, there are only two applications for excavation which 

are even In a feasibillty study stage. There are no active projects 
for nuclear excavation. We are still in the development stage 

trying to find the answers. At this time | don't believe we can 
really say from a long-term contamination standpoint, | don't believe 
we have any comparison. We don't know how serious the problem might 
be or what It might cost to eliminate or reduce the problem, 
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SUMMARY OF RESULTS OF CRATERING EXPERIMENTS* 


John Toman 
Lawrence Radiation Laboratory 
Livermore, California 


ABSTRACT 


The use of nuclear excavation as a construction tech-~ 
nique for producing harbors, canals, highway cuts, and other 
large excavations requires a high assurance that the yield 
and depth of buret selected for the explosive will produce 
the destred configuration within a acceptable degree of 
tolerance. 


Nuclear excavation technology advanced significantly 
during 1968 as a result of the successful execution of 
Projects Cabriolet, Buggy, and Schooner. Until these ux- 
perimente were conducted, the only nuclear data available 
for designing large excavations were derived from Sedan 
(100 kt tn alluvium), Danny Boy (0.42 kt in basalt), and 
Sulky (0.090 kt in basalt). Applicable experience haa now 
been extended to include two additional rock types: tuff 
and porphyritic trachyte, non-homogeneous formations with 
severe geologic layering, and a nuclear row in hard rock. 
The continued development of cratering calculations using 

_ tn situ geophysical measurements and high-pressure test data 
have provided a means for predicting the cratering charac- 
teristics of untested materials. 


Chemical explosive cratering experiments conducted in 
the pre-Gondola series during the past several years have 
been directed toward determining the behavior of weak, wet 
clay shales. This material is important to nuclear exca- 
vation because of potential Long-term stability problems 
which may affect the cratered slopes. 


INTRODUCT | ON 


Nuclear excavation as a construction technique for producing 
harbors, canals, highway cuts, and other large excavations requires 
a high assurance that the yield and depth of burst selected for the 
explosive will produce the desired configuration within an acceptable 


*Work performed under the auspices of the U. S. Atomic Energy 
Commission. 
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degree of tolerance. 


Nuclear excavation technology advanced significantly during 1968 
as a result of the successful execution of Projects Cabriolet, Buggy, 
and Schooner. Until these experiments were conducted, the only nuclear 
data available for designing large excavations were derived trom Sedan 
(100 kiloton [kt] in alluvium), Danny Boy (0.42 kt in basalt), and 
Sulky (0.090 kt in basalt). Applicable experience has now been extended 
to include two additional rock types: tuff and porphyritic trachyte, 
non-homogeneous formations with severe geologic layering, and a nuclear 
row in hard rock. The continued development of cratering calculations 
using in situ geophysical measurements and high-pressure test data 
have provided a means for predicting the cratering characteristics of 
untested materials. 


Chemical explosive cratering experiments conducted in the pre- 
Gondola series during the past several years have been directed toward 
determining the behavior of weak, wet clay shales. This report will 
summarize all of the nuclear experiments of importance to the nuclear 
excavation program and a selected few chemical explosive (HE) experi- 
ments. 


CRATERING PHENOMENOLOGY 
Crater Formation 


Maximum sized craters are formed at a depth of burst in which 
two predominant mechanisms combine to physically eject material 
above the explosive. These mechanisms are spall and gas acceleration 
or expansion of the cavity gases. Figure | shows pictorially the 
history of crater formation. The nuclear explosive on detonation 
creates tremendous pressures and temperatures which vaporize the 
rock out to a distance of approximately 2m(meters)/kt!/3, At this 
point, a spherical pressure wave or shock wave separates from the 
fireball and propagates through the formation, melting, crushing, and 
fracturing the rock in sequence as it proceeds to the free surface. 
When the compressive wave reaches the free surface, a rarefaction 
wave is generated which propagates back toward the cavity. The rare- 
faction wave places the rock in tension, starting from the free 
surface. Since rock is weak in tension, it breaks and flies upward 
with a velocity that is related to the momentum imparted to it by the 
emerging compressive wave. This first motion is the spal| mechanism. 
Ouring the travel of the shock front to the free surface, the vaporized 
gases in the cavity have been expanding and enlarging the cavity. When 
the rarefaction wave reaches the spherically growing cavity, the cavity 
takes the path of least resistance and rapidly expands in the direction 
of the free surface. The rock above the cavity is recompacted and given 
additional velocity by the expanding cavity gases. This velocity in- 
crease over that due to spall is termed gas acceleration. Both of these 
phenomena can be measured in cratering experiments by high-speed 
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photography of the ground surface. The ground surface assumes the 
shape of a dome and as it continues to grow, cracks open up through 
which the cavity gases may escape to the atmosphere and venting occurs. 
Upon general venting, the mound comptetely disintegrates, witn the rock 
fragments given additional velocity and placed in batlistic trajectory. 
Material which excapes the crater is called ejecta and forms part of 
the crater lip. Other material falls beck into the true crater to 

form the apparent crater. Apparent crater dimensions are referenced 
with respect to the original ground surface and represent the amount 

of useful excavation accomp!ished by the explosion. The crater lip 
projects above the original ground surface, and is composed of upthrust 
or permanently disptaced rock and ejecta. 


Figure 2 shows the mound growth of the Cabriolet experiment as 
a function of time. Figure 3 is an analysis of the surface velocity of 
the same mound (from high-speed photography) which clearly shows the 
spa!l and gas acceleration mechanisms. 


Effects of Depth of Burst 


The effect of increasing depth of burst on explosive phenomena is 
shown in Figure 4. For any explosive yield and medium, there is a 
depth of burst or a range of depths at which a maximum-sized crater 
will be formed. As the depth of burst is increased beyond that optimum 
depth, the craters become smaller until! a mound of rubble, rather than 
a crater is formed. This rubble mound is called a "retarc." A maximum 
amount of rock is broken when a retarc is formed; it is ideally suited 
for utilization as a source of rock for aggregate. As the depth of 
burst is further increased, the explosive effects become contained. A 
cavity is formed by the expiosion but there is no violent disruption 
of the free surface as in a cratering shot. The fractured rock above 
the cavity collapses into the cavity to form a chimney. Collapse 
continues out to the extent of the fracture radius where the rock may 
have sufficient strength to span the arch, or until the volume of the 
voids in the bulked chimney rock is equal to the original cavity 
volume. In alluvium and other materials which exhibit small increases 
or no increase of bulking on col!tapse, chimneying continues to the free 
surface and a collapse crater is formed. With no bulking, the volume 
of the collapse crater wil! be equal to the volume of the initia! cavity. 
Changes in crater dimensions as a function of depth of burst are por- 
trayed by cratering curves which are presented later. 


Scaling 


In order to use nuclear explosives as a construction tool, we must 
know crater sizes at explosive yields other than that for which experi- 
mental data are avaifable. This is, accomplished by determining the appro- 
priate scaling law. Dimensional analysis indicates that crater volumes 
are proportional to the explosive yield and linear dimensions of the 
crater are proportiona| to the cube root of the exp!tosive yield, if the 
effects of gravity are unimportant. This is cube-root scaling. Crater 
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dimensions are increased by a factor of two for an eightfold increase 
in yield, Cube-root scaling adequately describes the performance of 
Jow-yleld high-explosive charges (pounds to hundreds of pounds), but not 
at ylelds higher than about a ton. Crater dimensions in this yield 
range are better described as scaling by the |/3.4 power of the yield. 
Simply stated, this means that yield must be increased by a factor 

of 10 to Increase the |.inear dimensions of the crater by a factor of 
two. Dimensional anatyses that include the effects of gravity indicate 
that for large yields at deep depths of burst, crater dimensions should 
scale as the fourth root of the explosive yield. Under this scaling 
law, explosive yletds must be increased by a factor of !6 for a twofold 
increase in crater dimensions. No trend toward |/4-root scaling has 
been observed in cratering experiments with yields as large as 100 kt, 
as seen in Figure 5, This is a plot of yield versus crater radius from 
applicable nuclear cratering experlments compared to calculated curves 
using the three scaling factors discussed briefly. 


Effects of Rock Type 


Differences in the physical properties of the material being 
cratered may play a more important role in estimating crater sizes for 
nuclear excavation than the scaling !aw used. The smaltest scaled 
craters produced to date have been in hard, dry rock and the largest 
have been in wet, weak clay shales. Dimensions for craters in desert 
alluvium lie between the extremes for hard, dry rock and for weak clay 
shale. Non-homogeneous or layered formations are much more difficult 
to categorize and analyze. No high-explosives cratering series have 
been conducted to determine the effect of layering on crater dimensions. 
Three nuclear experiments (Cabriolet, Buggy, and Schooner), were con- 
ducted in layered media out of necessity. Of these three, only Buggy 
produced dimensions which were significantly smatler than those pre- 
dicted on the basis of previous cratering experience in hard rock. 


Effects of Explosive Types--Nuclear Explosives and High Explosives 


Because of political and economic restraints, the bulk of crater- 
ing data are derived from high-explosives cratering experiments. 
Despite differences in the energy sources, cratering curves derived from 
high explosives define the nuclear curve sufficiently we!! to permit the 
design of nuclear cratering experiments for confirmation. A major 
shortcoming is that the optimum depth of burst for high explosives (HE) 
may occur at a scaled depth of burst which is larger than that for 
nuclear explosives (NE), This is most important in dry, hard rock 
where crater dimensions fall off very rapidly as the depth of burst 
is Increased beyond the optimum and make crater size prediction in this 
range subject to greatest uncertainty. For a given yield of NE and HE 
at the same depth, the spall and gas acceleration velocities from an 
HE source are significantly Jarger than the velocities from an NE. 
This is shown most clearly in Figure 6 , which compares surface 
velocities as a function of depth for both NE and HE. The HE curve 
is plotted mainly on the basis of 20-ton nitromethane charges in the 
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pre-Schooner serles. The separation of the NE and HE curves amounts to 
a factor of 3.75 times yield; i.e., If the 20 mass tons of HE were 
assumed to be about 75 energy tons, the HE and NE surface veloc! ty 
curves would be virtually coincident. A comparison of scaled crater 
dimensions near optimum depth of burst does not support this NE-HE 


equivalence. !t does indicate clearly, however, that if a velocity 
threshold between crater and retarc formation exists In hard, dry 
rock, it will occur at a much shallower scaled cube root depth of 


burst for NE. 


RESULTS OF CRATERING EXPERIMENTS 
General 


An extensive amount of data has been developed and reported on 
explosive cratering in about the past |8 years. A summary of projects 
or events contributing to cratering technology with primary references 
Is shown in Table |. This report will briefly discuss the most recent 
nuclear cratering experiments In hard rock and the HE experiments In 
a previously untested rock type, clay shale. In the nuclear excavation 
program to date, a total of seven nuclear cratering experiments have 
been conducted. These Include Projects Sedan (100 kt), Danny Boy 
(0.42 kt), Sulky (0.09 kt), Palanquin (4.3 kt), Cabriolet (2.3 kt), 
Schooner (35 kt) and Buggy (row of 5 single 1.1 kt). The last three 
were conducted in 1968, 


Description and Results of Single-Charge Craters--Nuclear 


Sedan 


The |00-kt Sedan explosive is the largest explosive charge 
detonated to date. It was buried at a depth of 193 m (635 ft) In 
desert alluvlum and detonated on 6 July 1962. A crater with an 
apparent radius of 185 m (608 ft) and a depth of 98.5 m (323 ft) 
was produged. The apparent crater volume is about 5.1 x 106 m3 
(6.6 x 10° yd>) and the lip votume 3.2 x 106 m3 (4.2 x 106 yd). 
Crater lip heights range from 5.5 to 29 m (18 to 95 ft). In cam- 
parison to HE dimensions in the same materia!, the Sedan crater 
radius is approximately 10-20% smaller, but the depth Is about the 
same when W!/3-4 scaling Is used.!! 


On detonation, a roughly hemispherical dome about 365 m 
(1200 ft) in diameter rose to a height of about 90 m (300 ft) in 
3 seconds before the first venting was seen. The mound continued to 
rise until general venting and mound disintegration occurred at 
about 4.0 seconds. The dome height at this time was probably less 
than 200 m (660 ft). The inIltial spall velocities were on the order 
of 35 m/sec(I1I5 ft/sec) and the late time velocities due to gas 
acceleration were over 40 m/sec(130 ft/sec). Figure 7 is a photo- 
graph of the Sedan crater. 


52 


Table 1, Summary of projects or events contributing data for nuclear cratering technology (Norayke).? 


Depth Apparent Apparent 

No, Approx. of crater crater 
Project or of = Configu- equiv. burst radius depth 
event name Date shots ration Explosive’ yields (ft) (ft) (uy Medium Ref. 
Jangle S$ 1981 i Single NE 1.2 kt 3.5 45 2 Alluvium-10 a 
Jangle & 1951 1 Single NE 1,2 kt 17.0 130 53 Alluviuni-10 4 
Jangle HE = 1951 10 Single TNT 1.2-20 ton —--———- Series —————_ Alluvium-10 a 
Teapot ESS 1955 1 Single NE 1.2 kt 67,0 146 90 Alluvium-10 4% 
Mole, 

ERDL,SO 51/60 30 Single TNT 0.13 ton Series Alluvium-10 3 
Yoboggan 59/60 92 Linear TNT 4 ——————_ Series —————_ Playa 4 
Stagecoach 1960 3 Single TNT 20 ton ————__ Series —————-__ Alluvium-10 3,5 
Scooter 1960 1 Single TNT 500 ton 125 154 15 Alluvium-10 3,6 
Buckboard 1960 13 Single TNT 0.5-20 ton Series Basalt 1 
Sandia, e 

Alb.& 6: /65 Row TNT Series Alluvium-Alb, 8 
Rowboat 1961 8 Row TNT 0.14 ton ————_——- Series ————_——_ Alluvium-10 9 
Danny Boy 1962 1 Single NE 0.42 kt 110 107 62 Basalt 10 
Sedan 1962 i Single NE 100 kt 635 608 323 Alluvium-10 ll 
Pre-Buggyl 1962 18 Row NM 0.5 ton Series —————_ Alluvium-5 12 
Pre- BuggyIl1963 10 Row NM 0.5 ton ——————_ Series ————.__ Alluvium-5 13 
Pre- 

Schooner I 1964 4 Single NM 20 ton Series —————__ Basalt 14 
Dugout 1964 1 Row NM 20 ton 59 width: 136 35 Basalt 15 

(spacing: 
45) 
Sulky 1964 1 Single NE 87 ton 90 - —- Basalt 16 
Palanquin 1965 1 Single NE 4.3 kt 280 119 78.8 Rhyolite 17 
Pre- 
Schooner III 1965 1 Single NM 85 ton 7 95 6i Rhyolite 18 
Pre- 1966 4 Single NM 20 ton ———_ Series —————_ Saturated 19 

Gondola [ shale 
Pre- 1967 1 Row NM 20-40 ton 50-60 - = Saturated 20 

Gondola II spacing: 80 shale 
Cabriolet 1968 1 Single NE. 2.6 kt 170.75 178 120 Rhyolite 21 
Buggy 1968 5 Row NE 11 kt 135.0 width: 254 69,8 — asalt ! 

spacing: 150 
Pre- 1968 7 Row NM 30 ton spacing: width; 50-53 Saturated 20 

Gondola Il 50-56 187-214 shale 

Schooner 1968 1 Single NE 35 kt 355 426 208 Tuff 2 


“NE, nuclear explosives; TNT, conventional high explosives, NM, liquid nitromethane. 
Piror 1 kt, equivalent yield = 1012 cal. 


“Alluvium-10: Desert alluvium, Area 10, NTS, 

Alluvium-5: Desert alluvium, Area 5, NTS. 

Alluvium-Alb, : Desert alluvium, Albuquerque, New Menico. 
Playa: Yucca Lake, NTS. 

Basalt; Buckboard Mesa, NTS. 

Rhyolite: Schooner Site, Bruneau River Plateau, Idaho, 
Saturated shale: Fort Peck, Montana. 


“Toboggan line charges ranged [rom 0,23 to 42,7 \b/ft. 


“Since 1960, Sandia Corporation has conducted a continuing small-scale cratering program at Albuquerque, to 
investigatc \ariousS problems related to rows und arrays of charges, 


Danny Boy 


Project Danny Boy, the first nuclear excavation experiment con- 
ducted in dry, hard rock, consisted of a 0.42-kt explosive detonated at 
a depth of 33.5 m (110 ft) on 5 March 1962. The rock is simply 
described as a gray, dense, nonvesicultar basalt with a density of 
2.6 g/em3. The resultant crater has a radius of 33 m (107 ft) and a 
depth of 19 m (62 ft). The volume of the apparent crater is about 
27,500 m> (36,000 yd3) and_the lip volume 61,000 m> {80,000 yd3), of 
which 42,750 m3 (56,000 yd) is ejecta. A major portion of the lip 
height, which averages 7.3 m (24 ft), is caused by upthrust. Ejecta 
on the lip ranges from 2 to 10 feet with an average depth of 5 feet.22 
Within the normal scatter of data, the Danny Boy scaled dimensions are 
essentially identical to those produced by high explosives at this 
depth of burst. 


On detonation, the ground moved at a fairly constant velocity of 
about 42 m/sec ((38 ft/sec).23 By 1.6 seconds, the dome had a diameter 
of about 250 feet and a height of 200 feet. No venting of hot gases 
was ever seen and the mound disintegrated at about 4 seconds with the 
ejected material in a free fall status. The initial spall velocities 
were so high that a distinct gas acceleration phase was not obvious. 

A slight increase in surface velocity to about 47 m/sec at late times 
can be interpreted from the meager surface velocity data available, 

but the main impact of the expanding cavity gases was to sustain the 
initial spalt velocities over a long period of time. Until 1968, Danny 
Boy provided the only basis for predicting nuclear crater sizes in hard 
rock. A photograph of the Danny Boy crater is shown in Figure 8. 


Sulky 


Project Sulky was designed to investigate the nature of the 
nuclear cratering curve at a scaled depth greater than optimum. 
A 0.09-kt explosive was detonated on 18 December 1964, at a depth of 
27.4 m (90 ft) in the same basalt formation as Danny Boy. Although 
high explosives at this scaled depth of burst would have produced a 
crater, Sulky resulted in a rubble mound or retarc. Sulky was a 
valuable experiment in that it established @ sharp break in the 
nuclear cratering curves beyond scaled depths of burst greater than 
about 40 m/kt!/3-4, or 140 #t/kt!/3.4, and provided information on 
the rock-breaking capabilities of nuclear explosives for quarrying 
applications. 


On detonation, the surface mounded in the typical manner, but 
the initial spall! velocity of 85 ft/sec24 without an ensuing gas 
acceleration was insufficient to eject material to form a crater. 
Surface layers of rock reached a maximum height of about 100 feet 
and landed within an average radius of 24 m (79 ft)!6 from surface 
ground zero. The lip or mound hetght averages 6.3 m (21 #t),!6 and 
the mound volume is approximately 11,700 yd’. The Sulky retarc is 
shown in Figure 9. 
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Palanguin 


Project Palanquin was executed on 14 April 1965 in a dense, dry 
rock identi fled as porphyritic trachyte. An explosive with a yield of 
4.3 kt was buried at a depth of 85.3 m (280 ft) to produce a retarc for 
further study of quarryIng applications. However, a stemming failure 
of the emplacement hole resulted in the very early venting of hot cavity 
gases and an eroslonal crater was produced. The mechanisms forming 
such a crater are vastly different from the mechanics associated with 
normal crater formation. Therefore, the crater dimensions from 
Palanquin are not considered valid for comparative purposes and are 
not plotted as cratering data. For general information,2> the resultant 
crater has a radius of 36 m (119 ft), a depth of 24 m (79 ft), and a lip 
height of 6.5 m (21 ft). The apparent crater_has a volume of 35,800 m> 
(46,800 yd3), and the lip volume is 100,000 m> (131,300 yd3). Potential 
applications may be found In which the gas-erosional mechanism may 
be useful. Figure 10 1s a photograph of the Palanquin crater. Shown 
on the crater lip Is the casing used in the emptacement hole, which is 
belleved to be responsible for the early venting. 


Cabriolet 


The Cabriolet explosive (yield about 2.3 kt) was detonated on 
26 January 1968 at a depth of 52 m (170 ft)2! in a dense, dry porphyritic 
trachyte rock, similar to that at the Palanquin site. A crater was 
produced with an apparent radius of 55 m (181 ft), a depth of 36m 
(117 ft), a lip height of 9.4 m (31 ft), and an ejecta boundary radius 
of 202 m (662 ft). The apparent crater volume is 137,645 m3 
(180,000 yd3) and the lip volume, 184,940 m> (241,890 yd3). The scaled 
dimensions of Cabriolet are only S| lght ly larger than Danny Boy in 
radius (142 #t/kt!/3-4 vs 139 ¢t/kt!73-4), but significantly deeper in 
depth (92 ft/kt!/3-4 vs 80 ft/kt!/3-4), The Cabriolet scaled depth of 
burst was smaller than that for Danny Boy (133 ft/kt!/3-4 v5 
142 #t/ktl/3.4), 


Upon detonation, the ground surface mounded in a normal manner 
with venting of hot gases occurring near the center of the mound at 
775 msec. The dome was about 25 m (80 ft) above the ground surface 
elevation at this time. Upon general venting at | second, material 
was ejected to a maximum height of about 460 m (1500 ft) above the 
terrain.2! Ground surface velocities were lower than would have been 
predicted on the basis of data from Danny Boy and Sulky. This appears 
to result from the fact that the rock formation at the Cabriolet site 
was layered with lower-density rock (2.15 g/cc) existing to a depth 
of about 30 m (98 ft) and higher density rock (%2.5 g/cc) extend 
ing from 30 m to the shot point. The initial spal! velocity of 
30 m/sec is smaller than the 42 m/sec seen on Danny Boy, but the 
definite gas acceleration phase of Cabriolet increased the final 
velocity to about 45 m/sec (see Figure 6). In a homogeneous hard 
rock like Buckboard basalt, the Cabriolet spall velocity should have 
been about 50 m/sec or 70% higher. Figure || is a photograph of 
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the Cabriolet crater. 
Schooner 


The Schooner experiment, with an explosive of 35 + 5 kt placed 
at a depth of 355 feet In a tuff formation, was executed on 8 December 
1968. A primary purpose of the experiment was to determine the effect 
of yield escalation on crater size in hard rock. The Schooner explosive 
yield was about 15 times targer than the Cabriolet yield. Preliminary 
measurements of the Schooner crater provide the following average 
results; 26 


Apparent radius 130 m 426 ft 
Apparent depth 63.4 m 208 ft 
Apparent IIp height 13.4 m 44 ft 
Lip crest radius 147 m 483 ft 
Radius of ejecta boundary 538 m 1768 ft 
Apparent crater volume 1.74 x 106 m3 2.28 x 106 ya? 
Apparent lip volume 2.1 x 106 m3 2.75 x 108 ya 


The Schooner scaled crater radiys is significantly larger ghgn that 
of Cabriolet or Danny Boy (150 ft/kt!/3+4 ys 142 and 139 #t/kt!/3°4), but 
the scated depth is less (73 tt/kt!/3-4 ys 92 and 80 tt/kt!/3-4), 


On detonation,2? a peak spall velocity of 55 m/sec (180 fps) was 
measured at about 200 msec. A gas acceleration phase increased the 
velocity to about 65 m/sec (215 fps), starting at 600-700 msec, The 
mound reached a height of 83 m (270 ft) at 1.73 seconds before obscuring 
the surface motion flares. First venting of the dome occurred at 
1.75 seconds. At about 2.0 seconds, the mound erupted violently, 
ejecting missiles out to ranges greater than one mile. 


The shallow scaled crater depth does not appear to be consistent 
with the high mound velocities measured. A plausible explanation stems 
from the nature of the geologic structure at the site, which had the net 
effect of turning the velocity vectors toward SGZ as_much as 15 degrees 
away from a radial direction through the shot point, 28 This effect may 
have caused more material to fall within the crater boundary as fallback. 
The velocity vectors on Cabriolet were essentially radial from the shot 
point. 


The geologic structure at the Schooner site is such that it can be 
divided into four primary layers. 29 The first layer extending from the 
surface to 120 ft is a dry, dense competent welded tuff with an average 
density of 2.353 g/cc. The second layer extending to 210 feet is very 
porous, with a dry density of 1.5 g/cc and an average water content of 
8-10% by weight. The third, from 210 to 337 feet, is extremely porous, 
with a dry density of 1.25 g/cc and 20-38% water by weight. The 
fourth layer, from 337 to 480 feet is similar to the first. !n the 
photograph of the Schooner crater (Figure 12) the hard, competent first 
rock layer is seen exposed in the upper part of the cratered slope. 
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HE Explosives Craters in Clay Shale 


Because of the need to explore the cratering characteristics of 
a weak, wet-clay shale, the U. S. Army Engineer Nuclear Cratering 
Group initiated a series of high-explosives cratering experiments in 
1966, called Project pre-Gondola.!? The experiments are being 
conducted near Fort Peck, Montana, where the physical properties of 
the Bear Paw Shale closely resemble those of the Sabana Shale of 
Panama, which occurs along 19 miles of a proposed 50-mile route 
across the Isthmus of Panama, for a sea-level canal. In the 
pre-Gondola | series, four 20-ton charges of high explosives 
Cnitromethane (NM)] were detonated at varying depths of burst to 
define the cratering curves. A surprising result was that the scaled 
dimensions of the pre-Gondola craters are much larger than those in 
hard rock or aliuvium. Mound velocities, however, are almost 
identical to those obtained for a similar series of experiments, 
pre-Schooner |, in the Buckboard basalt. A major factor contrib- 
uting to large crater size in the shale when compared to basait is the 
significant difference in unconfined compressive strengths of the rocks-- 
less than 500 Ib/in.* for shale!? to about 20,000 Ib/in.2 for dense, 
dry basalt. Unweathered shale has an average in situ wet density of 
2.08 g/cc and a dry density of 1.74 g/cc, indicating about 20% water 
by weight. !9 The crater profiles in shale are also quite different 
from those in hard rock or alluvium. The average crater slopes in 
shales are about 26 degrees while those in hard rock and alluvium are 
35 to 37 degrees or much steeper. Actual dimensions of the pre- 
Gondola | craters!? are: 


Charge Depth of burst Apparent radius Apparent depth 


weight §£———————)s —_________ 

Event (ton) Ct) (mC) (m) CE) (m) 
Charlie 19.6 42.5 12.9 80 24.5 33 10 
Bravo 19.4 46.2 14.1 79 23.9 30 9 
Alta 20.4 52.7 16.1 76 23.2 32 9.8 
De Ita 20.2 56.9 17.3 65 19.8 25 7.7 


Comparison of Cratering Curves 


The cratering curves for radius and depth shown in Figure I3a 
and 13b compare the dimensions of all single craters summarized here 
by wl/3.4 scaling. For scaling purposes, it_has been assumed that 
0.78 mass tons of NM = 1.00 mass tons of TNT?! = 1.0 energy ton 
nuclear = 10? calories. If the ratio of the heats of detonation of 
NM and TNT is the only factor used as the basis for a NM-TNT energy 
equivalence, then 0.9 mass tons of NM = 1.00 mass tons of TNT. This 
equivalence wili increase both the scaled dimensions and the depth 
of burst for the NM experiments plotted. 
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ROW CRATER EXPERI ENCE 


Background 


Most nuclear excavation applications involve the simu! taneous 
detonation of multiple explosives placed in a row to form a linear 
channel, rather than a circular crater. Many sma/l-scale row 
cratering experiments such as pre-Buggy | and i'2513 with charge 
weights up to 1,000 Ib have been conducted in alluvium. The purpose 
of row-cratering experiments is generally to determine the effect of 
variation of spacing on row-crater parameters. In general, the results 
from experiments in ailuvium indicate that: 


|. Spacing between explosives of one single-charge crater 
radius will produce a row with a half-width approxi- 
mately 10 to 20% larger than the single crater radius. 


2. A spacing of about |.25 times a single crater radius 
produces a row with dimensions approximately equal to 
that of a single charge. 


3. The lips on the sides of a row crater are 50 to 100% 
higher than the lip of a single crater, but the lip 
heights off the row ends are very small. 


Row-charge cratering experience in hard rock is limited to two experi- 
ments, Dugout (HE) and Buggy (NE). On the basis of these results, it 
would appear that the conclusions drawn for row cratering in alluvium 
will be somewhat similar for hard rock. 


Dugout 


In June 1964, the Dugout experiment was conducted in basalt on 
the Buckboard Mesa, NTS. Five spheres containing 20 tons of nitro- 
methane (HE) were detonated simultaneousiy. The depth of burst was 
59 feet and the spacing 45 feet between charges. Average dimensions 
of the linear portion of the crater are shown below. ! 


W 
Half width (“2 20.8 m 68.4 ft 
Apparent depth 10.7 m 35.1 ft 
Apparent lip height (sides) 7.2m 23.6 ft 
Apparent lip height (ends) 3.0m 9.9 ft 
Apparent crater volume 16.1 x 103 m3 21 x 103 yd> 


A significant result of the Dugout experiment was that the 
volume excavated per unit charge is 50% greater than the maximum 
volume attainable with a single charge. A volume of 2145 m> was the 
maximum volume of a single 20-ton NM crater (pre-Schooner Alfa) on 
Buckboard Mesa.!4 The linear dimensions of the Dugout crater are 
approximately equal to the dimensions expected from 60-ton charges 
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(3 times the Dugout yield) near an optimum depth of burst and at a 
spacing whlch produces no enhancement over the single charge. Linear 
dimensions of Dugout are shown to scale on the cratering curves in 
Figure 13. The charge spacing In the Dugout experiment was much 
closer than had been tried in the alluvium row crater experiments 
when spacing is defined relative to the depth of burst rather than 

to a single crater radius. A close spacing concept of row charges 
(where spacing <I.0 depth of burst), as typifled by Dugout (spacing = 
0.76 feet depth of burst) is of particular Importance in nuclear 
excavation. When the total salvo yield is restricted due to seismic 
limitatlons, the close spacing concept makes It possible to signifl- 
cantly reduce the salvo yield without reducing the channel cross 
section. Reduction In salvo yield must be balanced against the 
higher cost of a greater number of emplacement hofes and explosives 
for the same channel ltength. Another possible advantage of close 
spacing is that one nuclear explosive yield can be made to look 

Ilke a family of ylelds. As the charges are brought closer together, 
the Increased yield per unit length requires that the charges be buried 
deeper to remain at the optimum of the single-charge cratering curves. 
A number of experiments would be needed to define the proper spacing 
and depth of burst to optimize the volume excavated per unit charge. 
In general, the.depths of burst will be greater than those which are 
optimum for the single charge, and depending on the enhancement 
desired, may be at retarc or greater depth of burst for the individual 
charge. Simpte vector addition of the mound velocities from adjacent 
charges can be used to galn Insight into the proper spacing and depth 
required to produce a specified surface velocity, but unfortunately, 
peak surface velocities do not retate directly to crater dimensions. 


A photograph of the Dugout crater is shown in Figure 14. 


Buggy 


Project Buggy,! the first nuclear row-excavation experiment, 
was an. Important experiment in that It confirmed the basic concepts of 
channel! excavation derived from HE experiments at very low yields, 
and proved the value of theoretical cratering calculations In predicting 
the effects of a nuclear detonation In an untested environment. Five 
nuclear explosives, each with a yield of 1.1! kilotons, were detonated 
simultaneously on 12 March 1968 In a dry, complex basalt formation 
on Chukar Mesa, NTS. The explosives were burled at a depth of 41.1! m 
(135 ft) and spaced 45.7 m (150 ft) apart. A photograph of the Buggy 
crater Is shown In Figure 15. The excavated channel! has the fol lowlng 
average dimensions: 


Apparent crater width 77.4 m 254 ft 
Apparent crater depth 19.8 m 65 ft 
Apparent crater length 260.6 m 855 ft 
Apparent Iip helght (sides) 12.4 m 4) ft 
Apparent (ip helght (ends) 4.37 m 14 ft 
Lip crest width 108 m 355 ft 
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Apparent crater volume 200,607 m> 262,456 yd> 
Apparent ‘ip volume 322,811 m> 422,205 yd> 


The apparent dimensions are significantly smaller than those 
which would be predicted on the basis of Danny Boy dimensions in the 
Buckboard basalt (radius 10% less; depth 19% less). I+ is believed 
that the small crater dimensions are due largely to the geologic 
conditions existing at the Buggy site. Differences in the cratering 
characteristics of the two basalt formations were determined by 
cratering calculations (TENSOR code)32 after the depth of burst and 
Spacing were selected by scaling Danny Boy dimensions. Initially, a 
depth and spacing of 150 feat were chosen to represent optimum depth 
of burst and 1.0 radius or 1.0 depth-of-burst spacing. The calculations 
indicated that the 150 feet depth of burst was too deep to form an 
ejecta crater for a single Buggy explosive. The depth was reduced to 
135 feet to insure crater formation, but the emplacement holes had been 
constructed and the spacing could not be altered. This circumstance, 
fortuitously, led to the finding that spacings between about |.15 and 
1.25 radii (or 1.1 depth of burst) can produce channels in hard rock, 
free of noticeable scalloping or severe irregularities. Since no pre- 
vious experiments had been conducted on Chukar Mesa, the actual radius 
spacing was determined from the average radius at both ends of the 
Buggy row. Geologic conditions at the Buggy site varied from one end 
of the row to the other. Layers of basalt with different densities and 
compressional velocities with resultant impedance mismatch between 
layers distinguished the formation. A dominant feature was a competent, 
dense, high velocity layer with extended over three charges (A, B, and C) 
from a depth of about 30 to 90 feet. 


The surface velocities measured on detonation were in good 
agreement with those calculated for a single charge. Initial spal 
velocities ranged from about 24 to 35 m/sec (79 to II5 ft/sec), depend- 
Ing on location along the line of charges. A gas acceleration phase 
Increased these velocities along the entire mound to a peak of 45 m/sec 
(148 ft/sec) over Charge B. In the fairly homogeneous Buckboard basalt 
at the Buggy scaled depth of burst, the spall velocity would be expected 
to be about 50 m/sec (164 ft/sec) and the total peak velocity about 
60 m/sec (200 ft/sec). Figure 16 shows preliminary surface motion data 
for Buggy along the longitudinal axis. 


CONCLUS | ONS 


Nuclear excavation technology has taken a great stride forward 
as a result of a better understanding of the changes generated in the 
cratering process by layered rock formations, such as those en- 
countered in the Buggy, Cabriolet, and Schooner experiments. Pre- 
shot insight into the nature of these changes was made possible by 
the use of cratering code calculations which use in situ and l|abora- 
tory test data on rock samples of the formation. Nuclear excavation 
projects in untested formations can now be designed with a greater 


59 


assurance that the depth of burst and yield can be specified to provide 
the desired structure. For nuclear excavation experiments conducted to 
date through the 100-kt level, no trend toward |/4 root scaling has 
been observed. A comparison of cratering data in three different 
materiais (dry rock, alluvium, and shale) indicates that differences in 
physical properties affect crater dimensions more significantly than 
possible differences in yield scaling exponents. The rather smali- 
scaled dimensions observed in the Buggy row-crater experiment should 
not be considered typical for large nuclear excavation projects. The 
presence of water at the shot point and in overlying formations, which 
is likely to be encountered in most locations away from the Nevada Test 
Site, is expected to significantly increase the cratering efficiency of 
nuclear explosives. 
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Fig. (4. QYugouvt crater. 


Fig. 10 Patanquin crater. 
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Fig. 12 Schooner crater. 


Th-75 


240 
70 


mae Bear Paw, shale (HE) 


Pre-schooner I fo Dugout, hard rock row 
Buckboard 12 
me Alluvium (HE) 


& 
8 


= = 
ae eet 
25°F S 10 
~ = 
€ 
I 
! 40 * 
3 3 120 
3 8 ‘v Pre-Gondola I (NM)=049 
~ 30+ & 20-ton \ 
£ g 4 Buckboard (TNT) - 20 \ Dry, hord rock 
bed oO 
5 ~ 8 (HE) 
= 20 A @ Nuclear, alluvium 
© o @ Nuclear, hard rock 
g a Sch Schooner - 35 kt 
< < 49 Cab Cabriolet - 2.5 kt 
10 DB Danny Boy - 0.42 kt 
Bug Buggy - 5 @ 1.1 kt 
Sulky - 0,09 kt 
0 0 


0 40 80 120 16 200 240 280 
Depth of burst — fr/kt 73-4 


Depth of burst — m/kt V3.4 


Fig. 13a. Scaled crater radius vs scaled depth of burst. 


Pre-Gondola I (NM) ~ 20-ton 
Buckboard (TNT) - 20-ton 
Pre-Schooner I (NM) - 20-ton 
Nuclear-alluvium 
Nuclear-hard rock 


50 


eedproed 


- 
wy 
i=) 


a Pre-Schooner IL 
Buckboard 12. Po : 


Sch Cab g Dugout-hard rock row 
Sedan 


Altuvium 
xy 


30) 


oo 
S 
ot fe | 


(NE and HE ) 
20) 


Bear Paw shale as 


Apparent crater depth — m/kt! /3.4 


Apparent crater depth — fret 3-4 


10 wa Dry, hard rock (HE) \ 
| Dry, hard rock (NE) vA 
0' 0! 


0 40 80 120 160 200 240 
Depth of burst — ft/kt! /3.4 


0 10 20 30 40 50 a 70 
Depth of burst — m/kt! /3.4 


Fig. 3b. Scaled crater depth vs scaled depth of burst. 


76-77 


Fig. 15 Buggy crater. 
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QUESTIONS FOR JOHN TOMAN 


From Mr. Terrill: 


Have the data been evaluated by experienced dam designers to deter- 
mine the relative cost and effectiveness of the nuclear techniques 

vis-a-vis other techniques? If these are published would you pro- 

vide a reference? 


ANSWER: 


| really can't answer this question in detail. There is currently 

a study going on and that's the Aquarius study with the state of 
Arizona and, hopefully, there will be detailed cost estimates and 
comparisons made on producing dams with nuclear construction methods 
3S opposed to conventional construction methods. That is not avail- 
able right now and i'm not quite sure what the time frame Is for the 
completion of that study in Arizona. 


From James R. Vogt: 


What was the rock-water content at shot point for the Schooner event 
and what was the contribution of gas acceleration to the mechanism 
for this shot? 


ANSWER: 


The rock formation at the Schooner site was really a four-layered 
problem. From the surface down to 120 feet, the average density of 
the rock was 2.53 grams per cc and it was a dense, dry, competent 
welded tuff formation: Then from 120 to 210 feet, the average 
density of the rock was down to 1.5 grams per cc and the water con- 
tent in this range was 8 to 10 percent and the rock was very porous 
and weak. From 210 feet to 337 feet, the average dry density of the 
rock was 1.25 grams per cc and the water content in this region was 
20 to 38 percent and it was an extremely porous rock, very weak. And 
from 337 feet to 480 teet, and this interval included the shot point, 
again we were up to a very dense, competent rock with an average 
density of 2.53 and at the shot point the average water content was 
probably on the order of 4 percent, maybe 5 percent. In the code 
calculations that were run for the Schooner event, a good portion of 
the cavity was in that layer immediately above the competent dense 
rock and so the code calculations assumed an average of 10 percent 
water in the rock that was affected immediately on detonation. 


Moderator: It's the prerogative of the chairman of the session to 
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provide a further answer to Dr. Pendleton's question to Mr. Williamson 
concerning the question from a long-term contamination point on crater- 
ing, can savings in dollars by using nuclear explosives be defended? 

| believe the answer to this is yes, as long as we can keep the expo- 
sures to people down to the levels that Mr. Terrill was talking about 
earlier. 
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TECHNICAL PROBLEMS AND FUTURE CRATERING EXPERIMENTS* 


Joseph B. Knox 
Lawrence Radiation Laboratory 
Livermore, California 


ABSTRACT 


This paper reviews some of the key technical prob- 
lems that remain to be solved in nuclear cratering 
technology. These inelude: (1) developing a broader 
understanding of the effects that matertal properties 
and water content of the earth materials around the 
shot have on cratering behavior, (2) extending the 
experimental investigation of retare formation to 
tnclude intermediate yields and various materials, 
and (3) tmproving our ability to predict the escape 
of radioactive material to the atmosphere to form the 
eloud source responsible for fallout. The formation 
processes of ejecta craters, retarcs, and subsidence 
eraters are described in the light of our present 
understanding, and the major gaps in our underetanding 
are indicated. Methode of calculating crater and retare 
formation are diecussed, with particular reference to 
the input information needed. Methods for calculating 
fallout are presented, and their shortcomings are dis- 
cussed, A preliminary analysis of the safety factore 
assoctated with the presently proposed nuclear exca- 
vation concepts 78 presented. 


INTRODUCTION 


The preceding two papers have described some of the 
potential applications of nuclear excavation technology and 
the data acquired from several past nuclear excavation ex- 
periments. This paper discusses some of the key technical 
problems associated with nuclear excavation technology. 
These can be divided into two general classes: 


1. Applied science problems: Those concerned with the 
use of nuclear excavation techniques to produce earth struc- 
tures suitable for conversion into useful engineering works 
(canals or harbors, for instance). 


*Work done under the auspices of the U. S. Atomic Energy 
Commission. 
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2. Safety problems: Those concerned with public safety 
and with minimizing the adverse impact of nuclear excavation 
on the surrounding environment. 


Excavation with nuclear explosives might make use of 
three different kinds of nuclear structures: ejecta craters, 
retarcs, and subsidence craters. These structures are illus- 
trated in Figure 1 and briefly defined below: 


A. Optimal ejecta crater. This is a crater of maximum 
useful volume made by detonating an explosive at the appro- 
priate depth of burial. Experimental evidence indicates 
that such an optimal crater 3g associated with a depth of 
burial of about 140 ft. x wt «4 where W is the number of 
kilotons of yield. However, layering of the geological en- 
vironment or variations in physical properties of the material 
surrounding the shot may cause important departures from the 
optimal depth of burial and crater dimensions as predicted 
by this simple scaling which is based on yield only. Detona- 
tions in such complex geological environments must be designed 
with stress-wave calculation codes. 


B. Retare. A retarc--crater spelled backwards, to 
denote that the surface expression is the opposite of a 
erater, namely a mound--is a roughly conical volume of broken 
rock produced by an explosion at such a depth of burial that 
the volume of broken rubble is maximized and little of it is 
ejected. Retarcs are normally made in brittle rocks that 
bulk after failure and collapse of the mound. 


C. Subsidence crater. A subsidence crater is formed 
by detonating a nuclear explosive in a compactable material 
wherein the initial cavity void space generated by the explo- 
sion at depth is, in large measure, propagated to the surface 
of the earth during collapse. Subsidence craters are known 
to form in desert alluvium, gr example, at depths of burial 
of the order of 200 ft. x wil and deeper. In subsidence 
eraters there is no dynamic venting and no lip formation by 
ejecta. 


In designing nuclear projects or in performing nuclear 
feasibility studies a great number of practical design ques- 
tions arise. Some examples are as follows: How does one 
emplace the nuclear explosives of a given yield to produce 
the desired earth structure? What fraction of the days in 
a given month can be considered as acceptable shot days, 
assuming one is given a range of dimensions of the stabilized 
debris clouds resulting from the shot? How do initial sta- 
bilized cloud dimensions depend on material properties and 
depth of burial? How large a yield can be safely detonated 
at the specified site from the point of view of seismic safety? 
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To answer such questions the Plowshare engineer or 
scientist requires the following: 


1. <A body of descriptive data concerning the nuclear 
effects. 


2. An understanding of these effects in terms of physics 


and chemistry of the explosion and the site-dependent 
factors. 


3. A predictive capability for the effects of engineering 
interest as well as the potentially hazardous effects 
which must be minimized through design or other 
actions. 


4. Control of undesirable effects through explosive 
improvements or remedial measures taken on or near 
the structure. 


All four of these aspects of Plowshare applied science 
must be developed in its research and development program. 
We shall, in the remainder of this paper, describe certain 
key technical problems whose solutions are necessary to de- 
velop the technology. 


CRATERING CALCULATIONS 


The first area we discuss is cratering physics. For 
several years now the Lagrangian stress wave propagation codes 
in one or two space dimensions have been under development 
in the K-Division Rock Mechanics Group. These codes, SOC 
and TENSOR, have been described as finite-difference solutions 
to stress-wave propagation through a layered geological medium 
including the elastic-plastic response of the materials and 
material failure in shear or tension. When stress levels 
are very high (e.g., greatly exceeding the strengths of 
materials), material behavior is essentially hydrodynamic. 

In intermediate stress regimes, the stress-wave propagation 
can be either elastic or plastic, including material failure. 
In the later stages, material behaves more like a viscous 
incompressible fluid. The time spent in the hydrodynamic 
range is yield-dependent but quite small, being of the order 
of a few milliseconds, whereas the duration of the latter 
regime is of the order of a few seconds. 


TENSOR has also been described as a finite-difference 
equation approach to solving the conservation equations in 
two dimensions, including the appropriate equations of state 
of the materials involved and criteria for modes of material 
failure. Figure 2 gives the TENSOR logic loop.? 
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Figure 3 shows a typical initial condition for a TENSOR 
problem,’ wherein the explosive energy is placed in a spherized 
source region that is isobaric and contained within an initially 
nonmoving geological medium appropriately zoned. An axis of 
symmetry runs vertically through the center of the source 
region; the earth's free surface is depicted as being horizon- 
tal and constitutes one boundary of the uppermost zones. To 
assure first-order approximations in the difference equations, 
the mass per zone is not permitted to change by more than 5% 
from one zone to another. For purposes of designating the 
appropriate equation-of-state information, each zone is iden- 
tified as to material type. 


Returning to the logic loop of TENSOR (Fig. 2), we note 
that this initial condition is input as the initial stress 
field for cratering calculations, and the law of conservation 
of momentum is solved in Step 1 to ascertain the acceleration 
for each zone element. Steps 2-5 have been adequately explained 
previously and involve first-order difference equations centered 
in time. 


Step 6, the first law of thermodynamics, is solved in the 
finite difference form for the new specific internal energy 
of each zone wherein work is done by the isotropic part of the 
stress field as well as by the deviatoric stress field. From 
this conservation law, any changes of phase can be determined. 
The mean stress and the stress deviator are calculated for 
each zone in view of its displacement history. Failure cri- 
teria are then tested to see if the material has failed either 
in shear or tension; if so, the stress field is adjusted from 
laboratory-determined pressure-volume relationships, assuming 
that zone volume is conserved in the failure process. After 
this adjustment of the stress field, new initial conditions 
are thereby generated for Step 7, and the evolution of the 
system has been advanced an increment of time, At. 


The physical properties of rock materials necessary for 
this code include the following: 


1. Hydrostatic pressure versus specific volume for both 
consolidated and failed materials under loading and unloading 
eycles. This information is determined in the laboratory for 
representative samples, in the pressure range 0 to 40 kilobars. 


2. Hugoniot measurements to extend the pressure-versus- 
specific-volume curves into the pressure range of 40 to ap- 
proximately 800 kilobars. (Above 800 kilobars, theoretical 
models of the equation of state are employed.) 


3. The maximum stress deviator that can be supported as 
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a function of mean stress for both consolidated and failed 
material. 


4. Other properties of the materials such as tensile 
strength, elastic limit, Poisson's ratio, compressional veloc- 
ity consistent with the low-pressure P-V information, and 
the gas equation of state for natural rock materials having 
various water contents. 


To illustrate a cratering physics calculation we show 
some of the calculations for the Danny Boy event, a 0.42-kt 
nuclear explosion at a depth of 33 meters (109 ft) in basalt. 
This case study represents an ex post facto cratering calcu- 
lation. As indicated above, the energy yield of the explosive 
was placed in a spherized source region 1.8 m in radius cen- 
tered at the 33 meter level. Since the medium was dry, 
the relatively simple equation of state of vaporized basalt 
was used in this gas region (see Fig. 4 for initial condition). 


Figure 5 shows the cavity configuration and free-surface 
earth configuration at 97 msec. At this late time, of course, 
the compression wave and rarefaction wave had completed their 
respective travels to and from the earth's surface, and a 
very weak recompaction had started back towards the earth's 
surface in the region above the cavity. However, it was 
observed that at this time of 97 msec the pressures in the 
cavity were quite low due to the dryness of the Danny Boy 
shot environment. The pressures in the surrounding medium 
at this time were also low. In view of these low pressures, 
a concept was developed that the material in the mound had 
by this time received all the momentum to be imparted to it 
by the explosion. Accordingly, from this time onward all 
zones in the problem were subjected to a simple ballistic 
missile calculation using the initial condition of the veloc- 
ity for the mass center of each zone at 97 msec. With this 
concept, the mass deposition on the original earth's surface 
can be calculated as can the designation of those zones which 
have insufficient velocities to be ejected from the crater. 


Figure 6 shows the predicted mass deposition and the 
calculated true crater configuration. Superimposed on this 
figure also are the apparent crater configuration, the ob- 
served true crater configuration, and the postshot earth's 
surface. The agreenent between the observed and calculated 
true crater boundaries and mass deposition depth is excellent. 
This concept of calculating the mass deposition provided a 
new and valuable tool for estimating not only the apparent 
crater radius but the ejecta from a cratering event as well. 
This analysis indicated that the principal cratering mechan- 
ism for Danny Boy was spall, induced by the stress wave. 
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From other postshot cratering calculations that were 
performed, a primitive method of predicting apparent crater 
depth with the TENSOR calculation emerged. In this method, 
the depth of the crater is estimated by allowing the mass 
deposition above the zone of ejection to fall into the cal- 
culated true crater volume, including the effects of bulking 
and any estimated slumping of unsupported subsurface material. 
Table I summarizes the results of a few calculations (R. W. 
Terhune, of LRL, private communication, 1968). 


CRATER FORMATION HISTORY 


From these calculations as well as others cited by the 
author,” we can formulate representative crater formation 
history (Fig. 7), The geometries depicted in this history 
have been taken in large measure from the TENSOR calculation 
of Danny Boy. Thus, the spatial scale for this diagram is 
that the shot depth is approximately 42.6 mx W1/3.” Experi- 
mental data from many events and from small-scale cratering 
model studies by the Corps of Engineers have contributed to 
this diagrammatic representation. The crater formation his- 
tory, as we understand it today, contains seven phases: 


1. Vaporization of the explosive and a surrounding 
shell of earth materials. 


2. <A period of spherical cavity growth. 


3. Return of the rarefaction wave to the upper cavity 
surface. 


4. Asymmetrical growth of the cavity, with the upper 
part growing rapidly following rarefaction return as contrasted 
to very slow growth of the lower hemisphere at this time. 


5. Mound growth until the time of venting. 


6. Mound breakup with foldover and the initiation of 
collapse in the subsurface layers. 


7. Collapse, fallback, and mass deposition beyond the 
point of foldover. 


In this context, a very simple concept for optimal cra- 
tering configuration emerges: namely that, despite the layer- 
ing or different material properties of the shot environment, 
an optimal crater is obtained from a given energy source by 
optimizing the calculated mass deposition beyond the foldover 
point so that a maximum volume of effectively ejected material 
is obtained. 
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It is important in regard to the crater formation history 
to comment that the two cratering mechanisms, spall and gas 
acceleration, the crater dimensions, and the optimal depth 
of burial may all be functions of material properties. The 
physicists making these stress-wave propagation studies have, 
as a result of many calculations, developed a considerable 
fund of experience. Their experience indicates that the 
compactability of a material influences how good a stress 
wave propagator it is; the shear strength as a function of 
mean stress varies from material to material with water content 
and the degree of saturation; the sound speed in the material 
dictates, in part, how dominant the spall mechanism is; the 
unloading characteristics of the material are important in 
terms of energy available for cratering; the water content of 
the material influences the cavity pressure at late times, 
and hence the gas acceleration. Thus, depending on the host 
material, the history of the formation of a crater may change, 
the dominant cratering mechanism may change, and the feedback 
between them may change. The data contained in Table I in- 
dicate that craters can be successfully predicted in materials 
of very different properties. 


With this background then, let us turn to some of the 
key problems that still confront us in regard to cratering 
physics. First of all, we need a broader understanding of 
crater formation history. For example, the crater formation 
history for a standard 1-kiloton source, say, at optimal 
depth of burial should be developed for very different rock 
types ranging from weak saturated shales to dry dense rock. 
Ideally these crater histories would be developed in parallel 
under one another with remarks concerning the timing and 
relative importance of the cratering mechanisms in the mate- 
rials as a function of time. In this way engineers and 
scientists could see the difference in the cratering charac- 
teristics of various materials responding to a standard source. 


The calculational program required for such a develop- 
ment would not be a quick program; however, I believe its 
objectives are within our capabilities to accomplish, given 
the necessary resources. 


The second key technical problem is to extend our nuclear- 
cratering predictive capability to include shots of high 
yield in relevant materials. This is essential to acquire 
data for the design of harbors and excavations like the sea 
level canal in Central America. This step would be accom- 
plished by a coordinated calculational and experimental pro- 
gram. The Yawl, Phaeton, Gondola series planned by the Atomic 
Energy Commission for the future would address itself to high 
yield detonations in materials that vary in water content, 
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degree of saturation, and density. (A more complete "shopping 
list" of technical questions and problems is presented in 
UCRL-71216.?) 


RETARC CALCULATION 


The first and only stress-wave propagation code calcula- 
tion of a nuclear retare is for the Sulky event, a 0.1-kt 
nuclear explosion at a depth of 27.4 m (90 ft.) in dry basalt. 
We now briefly review the essential points of this calculation. 


Because of its deep purial, the Sulky detonation pro- 
duced a mound of rubble but not a crater. The strategic 
question here is to ascertain if this result could have been 
predicted. The TENSOR postshot calculation (Fig. 8) shows 
the zones calculated to remain in the subsurface environment, 
the ejected surface mass deposition, and the cavity configura- 
tion, at 76 msec after detonation. The figure definitely 
shows that the mass deposition within the true crater is com- 
parable in depth to that ejected beyond the edge of the true 
crater boundary. If this mass of material is placed back in 
the true crater, making allowance for bulking, we find that 
indeed no crater is formed. This indicates that the calcula- 
tion of mass deposition from a buried source is an important 
tool, not only for predicting the apparent crater radius, 
but also for predicting whether a useful structure will be 
formed. 


The mass deposition shown in Figure 8 for Sulky is markedly 
different from that calculated for the Danny Boy event (Fig. 6). 
These two calculated mass depositions were taken as models 
for the mass deposition that would lead to a useful crater 
and the mass deposition that would lead to a retarc. The 
mean mound velocities as developed in Danny Boy and Scooter 
(3 kt HE shot) were on the order of 40 to 50 m/sec, and those 
developed in Sulky were 23 to 26 m/sec. 


RETARC FORMATION HISTORY 


The retarc formation history shown in Figure 9 has been 
constructed on the basis of the Sulky calculation. Geometri- 
cal relationships in this diagram are based on a depth of 
purial of about 55 m x wi/3 The stages of formation are 
quite similar to those of the crater (Fig. 7), with the ex- 
ception that in the retarc the mound undergoes no develop- 
ment of a foldover point and the mass ejected beyond the 
true crater boundary is not large. Under these conditions 
the fallback material and the subsurface collapsing material, 
with their volume increased by bulking, can more than fill 
the void created during the cavity. 


90 


There is much room for improvement in our understanding 
of retarc formation history. Two main problem areas are as 
follows: 


1. The sensitivity of the mechanics of retarc formation 
to material properties such as those listed for cratering is 
not well explored. We have the roughly sketched physical 
picture that retarcs will be made in deeply buried shots in 
a brittle dense rock that bulks upon collapse; however, we 
don't know how much compaction a rock type might have and 
still be able to support retare formation for some combina- 
tion of yield and emplacement depth. 


2. We have no intermediate-yield retarc experimental 
experience; the only retarc made thus far was by a 0.1-kt 
nuclear explosion at 90 feet. A retarc structure of commercial 
interest would probably require a yield of 10 to 200 kilotons. 
At present no retare experiment of this type is planned. 


SUBSIDENCE CRATERS 


Subsidence craters in this paper are mentioned more for 
the sake of completeness than for their present interest to 
the Plowshare program. It is indeed true that parts of the 
Nevada landscape are pocked with subsidence craters whose 
formation the test engineers have been able to predict with 
confidence from simple engineering relationships. From one 
point of view subsidence craters are very interesting: they 
are reasonably large depressions in the ground produced with 
minimum impact on the surrounding environment. Radioactivity 
release is minimal because there is no dynamic venting; no 
ejecta lips are formed, and the sides are gently sloped 
(roughly 1 in 4). Imaginative engineers may yet find a rea- 
sonable use for this type of structure at suitable sites. 


PREDICTION OF FALLOUT FROM CRATERING DETONATIONS 


The objective of our research on fallout from nuclear 
cratering detonations has been to develop a capability for 
predicting airborne concentration, surface air concentration, 
surface deposition of specific radionuclides, and the gross 
gamma radiation field. The predictions include the effects 
of (a) atmospheric transport, (b) atmospheric eddy diffu- 
sion, (c) suitable initial cloud geometries for different 
detonation environments, (d) precipitation scavenging, if 
any, and (e) released fractions of significant radionuclides, 
if known or estimated. Two numerical simulation models for 
fallout have been developed over the past several years. 

The first is a close-in fallout model,? and the second is 
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a long-range, two-dimensional dispersion model developed by 
Crawford." ’ Table II gives a brief description of these 
models. 


Tests of the predictive capability of the KOFC model 
have been conducted using actual cloud geometries, cloud 
source, and shot time winds for the Danny Boy event. By 
cloud source we mean that fraction of the radioactivity that 
was deposited in the close-in fallout pattern between the 
maximum radius reached by significant ejecta and the extrap- 
olated infinite range. The model deals with activity on 
particles 10 microns in diameter and larger. The postshot 
calculation of Danny Boy is shown in Figure 10. The good agree- 
ment between the curves of observed and predicted dose rate 
versus distance indicate that--given the correct input for 
cloud geometry, cloud height, source, and wind conditions-- 
the exposure rate is quite predictable. We have, in general, 
run enough such problems on the computer to develop an ex- 
perience for sensitivity of the solutions to input. Two of 
the more sensitive parameters are the assumed source and the 
cloud height, which under certain meteorological conditions 
ean have profound effects on trajectory. 


Some of the key needs in developing fallout prediction 
capability include (a) improvement of prediction of base 
surge dimensions, (b) improvement in prediction of energy 
vented to the atmosphere and available to drive the genera- 
tion of the main cloud, (¢) study of the mechanisms of 
precipitation hot spot formation, and (d) an examination 
of existing data on the hot spot formation with a view to 
learning how to avoid it for periods up to two days. 


One way to begin on some of these problems is to build 
a numerical simulation model of the venting of the cavity 
gas through an "average mound fissure" associated with a 
eratering detonation. We have taken the initial steps in 
this direction by adapting the code called PUFL to this prob- 
lem. PUFL is a semi-Lagrangian 1-D code for calculating 
the flow of hot gases in expanding pipes of arbitrary dimen- 
sion(analogous to fissures opening in the mound); the code 
includes the effects of friction and mass entrainment or 
ablation of material from the wall on the thermodynamics and 
hydrodynamics of the pipe flow.*® During the evolution of 
the pipe flow, the input to the entry section of the pipe 
is a continuous flow of gas from a source of a prescribed 
pressure-time history. In applying this code to the cratering 
shot, Danny Boy, we assume that after the rarefaction wave 
returns to the cavity the cavity gas is free to flow into 
the fissures developing in the mound. At this late time, 
the pressures in the solid material of the mound are low 


92 


and the mound is divergent. We assume that it is this diver- 
gence that opens up fissures in the mound during the remainder 
of its growth so that gas flows upward. The observed vent 
time for Danny Boy was about 600 msec. If the PUFL code is 
run without any ablation or mass entrainment, we find that 
starting with initial conditions at 135 msec it is impossible 
to match the vent time--that is, the shock and the cavity 

gas travel through the fissures and arrive at the earth's 
surface much too fast (in 12 msec). The resulting conclusion 
is that material is entrained in the cooling, expanding cavity 
gas. By adjusting rates of entrainment, we are able to esti- 
mate the mass of material that must be entrained in the cavity 
gas during its movement through the mound. The results of 
these numerical experiments indicate that material having 
approximately 10 times the mass of the cavity gas must be 
entrained in order to reproduce the observed vent time. This 
mass entrainment constitutes a considerable dilution in momen- 
tum of the venting gas. It is entirely conceivable that for 

a quite deeply buried shot this constitutes a quenching mech- 
anism that contributes to decreasing the escape of radioac- 
tivity. It is known that only a small amount of radioactivity 
gets out of a nuclear retarc. 


It is relevant to ask: What experimental data exist to 
confirm the results of this Danny Boy venting calculation? 
In this regard, we wish to cite the work of Dr. Robert Heft 
(Bio-Medical Division, LRL). In examining samples of fallout 
particles and airborne particles from cratering shots, he 
has discovered that there are two components of fallout. 
The first component is composed of larger spherical particles 
that have condensed from a vaporized state; the second com- 
ponent is composed of smaller crystalline particles that 
have not been vaporized. The first component has radioac- 
tivity distributed throughout the material of the particles, 
while the second component has radioactivity only on the sur- 
face of the particles. The two components in regard to mass 
exist in a ratio of about 1 part from vaporized-condensed 
material to 10 parts entrained material (Heft, private com- 
munication, 1969).* Although we have done only one calcula- 
tion and compared it with the independent information just 
eited, this first model of venting appears promising in that 
it represents an initial-value physics approach to the prob- 
lem of estimating vent time, energy put into the atmosphere, 
and hence on into the main cloud height problem and the air- 
blast source problem from venting. Until this model is fur- 
ther perfected we will continue to make the calculations as 
in the past. The degree of success of these present methods 
of calculation is being reported by my colleagues, Dr. Tewes 
and Dr. Crawford, in their papers to this symposium. 


*It is also interesting to note that the mass weighting factor 
reported by Heft and independently evaluated with these PUFL 
venting calculations corresponds very well with that found in 
computer simulation of fallout from Danny Boy and Sedan.? 
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It is perhaps appropriate in view of the theme of this 
symposium to conclude this paper with some projections of 
the different nuclear effects associated with the nuclear 
excavation concepts presented previously by Mr. Williamson. 
This summary is included in Table III to provide information 
that may be useful in preliminary evaluation of sites for 
applying nuclear excavation concepts. The models used in 
making these predictions of effects have been summarized and 
discussed previously (Ref. 2). 


It is, of course, impossible in a single paper to dis- 
cuss in depth all of the key problems associated with the 
development of nuclear cratering technology. We have, in 
this paper, illustrated some of the more central issues; 

a more complete listing of the key problems has been given 
by the author in a previous paper.* The main purpose of 
this paper is to expose some of our main problems to your 
view in the hope that some of you in this audience, or per- 
haps some later readers of the paper, may be able to help 
supply us with the answers we need. 
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Table I. Summary of predicted and measured crater dimensions. 


Depth of 
burst (Dob) Radius (R_), m Depth (D_), m 
Event Yield pe, Se Se 
ft m Predicted Measured Predicted Measured 
Danny: POY 0.42 kt 109 33 33 33 21 19 
(nuclear) ‘ 
Pre-Schooner II® 
(high explosive) 85 +t 71 21.6 27 29 filze) 19 
Pre-Gondola Bravo 
(high explosive) gs t 46 14 17 24 14 9 


9 calculation performed with the SOC-PUSH model. 


Table II. 


Subproblem 


Source 


Transport 


Diffusion 


Deposition 


Exposure 


Close-in fallout, par- 
ticles with radius>10y 
(KFOC model) 


Stabilized cloud volume 
and inventory of radio- 
nuclides released 


(a)Horizontal wind field 
at shot time, or (b)pre- 
dicted wind field in 
space and time, if 
available 


Horizontal eddy diffu- 
sion 


Dry deposition by gra- 
vitational sedimentation 


External gamma exposure; 
exposure contribution 
from certain signifi- 
cant nuclides 


Subproblems considered in fallout models. 


Long-range fallout, par- 
ticles with radius>1l0y 
(2BPUFF model) 


Same 


Trajectory qf cloud cen- 
ter and mean speed of 
cloud center 


Horizontal and vertical 
eddy diffusion 


Dry deposition by verti- 
cal diffusion and impac- 
tion; wet deposition by 

washout process 


Airborne concentration, 
or surface concentra- 
tion, pCi/m? 


Table III. 


excavation concepts. 


Estimated nuclear and seismic effects associated with various nuclear 
In all cases the shots would be fired during a 


period of “no return" to minimize the airblast problem. 


Purpose of 
nuclear structure 
Aggregate production 


Retarc for leaching 
(5 shots) 


Harbors 


Craters for water 
resources development 


Crater lip dams 


Overburden removal 


Detonation Type of Distance Todine Distance to 
aaa ae to 0.17 distribution 1 cm/sec 
y 7 rad/year radius ground motion 
vS0 kt R mi 12 mi v35 km 
(alluvium) 
50-100 kt R 10 mi v25 mi ~S0 km 
(alluvium) 
1 Mt Cc 85 mi 40-50 mi 130 km 
v1 Mt Cc H 130 km 
wl Mt Cc H H 
v1 Mt C H H 
50 kt R+#c 10 mi 25 mi 35 km 


Bulk dams 


@These yields apply to applications likely to be made in the near future. 


PNomenclature: C = 


R = retarc. 
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cratering, H = approximately as evaluated in the Harbor Concept, 


EFFECTS OF NUCLEAR EXPLOSIVES 
BURIED AT VARIOUS DEPTHS 


_. SHOT POINT. 


CONTAINMENT DEPTH 


YIELD: 10 KILOTONS 


== . 
100 6 190 
SCALE IM FEET 


MAXIMUM ROCK BREAKAGE DEPTH 


Figs. Ls Types of nuclear craters. 


COLLAPSE CRATER FORMATIO 
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CAVITY GROWTH STOPS =" > : i 

USUALLY MASSIVE AND : : oe ON ROCK TYPE,YIELD AND 
SUDDEN “DEPTH OF BURIAL 


Figure 1. Types of nuclear craters (continued). 
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At 
DISPLACEMENTS —a—At VELOCITIES 
Fig. 2. Feedback loop for stress-wave propagation. 


Meters (horizontal ) 


3. TENSOR zoning for the Scooter event at the start 
of the calculation. 
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Meters ( horizontal ) 


Fig. 4. Cavity and mound configuration for the Danny Boy 
event at zero time in the calculation. 
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Fig. 5. Cavity and mound configuration for Danny Boy at 
97 msec. 
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Fig. 6. Free-fall throwout calculation for the Danny Boy 
event at 100 msec. 
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Fig. 7. Crater formation history. 
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Free-fall throwout calculation for the Sulky event 
at. 74 msec, 


Fig. 9. Retarc formation history. 
108-109 


Meters (horizontal) 


vot 


10! 


DOSE RATE AT H+1 HR, R/HR 
3s 
2 


wo 


ior? 
° 1 2 w 0 
DISTANCE, NAUTICAL MILES 


Fig. 10. Calculated and observed gamma dose rates at H + 1 hr 
as a function of distance along the "hot line" of 
the Danny Boy pattern (diagnostic calculation). 
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QUESTIONS FOR JOSEPH 8. KNOX 


From R. Cesped: 


Oo the codes account for the effects of the natural angle of repose 
of the material in forming the dimensions of the apparent crater? 


ANSWER: 


No, the codes do not account for the natural angle of repose to be 
expected in the craters. Our calculations end at this time at two 
places: one, we either have the material in ballistic trajectory or 
else we have it in a two-dimenstonal hydro-code which Is calculating 
the late-time mound growth during the time when all density changes 
are smail--namely, during the gas acceleration phase and thls code 
is known as MAC. We do not have a quantitative collapse model that 
brings the zones back into the crater under gravity along with the 
collapsing stdes and puts the material in, with the collapsing sides 
coming in and then the material from above coming In on top. This 
would be very nice. So what is done is to use engineering judgment 
about the angie of repose and, when the material which is in flight 
above the crater and falling back in as bulk, an appropriate angle 
of repose is used by the person placing the material back in the 
crater to arrive at crater dimensions. 


From P, Smith: 


Have the boundary conditions been calculated considering two verti- 
cally aligned shots at different ground depths in the case of 
sequential! or simultaneous detonations? 


ANSWER: 


Weill, let us put it this way, I'l] answer it from the point of view 
of our laboratory in that others in the room may have done it. 

We have not calculated, to my knowledge, two simultaneously detonated 
explosives in a vertical hole. We have calculated three simu! tane- 
ously detonated explosives, the same distance beneath the surface of 
the earth in a horizontal plan. In principle | believe we can do it, 
but we haven't done it. 


IMO 
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UNDERGROUND ENGINEERING APPLICATIONS* 


M. D. Nordyke 
Lawrence Radiation Laboratory 
Livermore, California 


ABSTRACT 


Developments of any underground engineering application 
utiltaing nuclear explosives involve answering the same ques- 
tions one encounters in any new area of technology: What are 
the characteristics of the new tool? How is it applicable to 
the job to be done? Is it safe to use? and, most importantly, 
ts its use economically acceptable? The many facets of the 
answers to these questions will be explored. The general types 
of application presently under consideration will also be re- 
viewed, with particular emphasis on those spectfie projects 
actively being worked on by commercial interests and by the 
U. S. Atomie Energy Commission. 


I NTRODUCT | ON 


Underground Engineering Application is the name that has been given 
to the group of Plowshare industrial uses that utilize the results of a com- 
pletely contained nuclear explosion. In this paper we will discuss the nature 
of this new industrial tool, the types of uses that have been suggested and 
are under study, the genera! nature of the safety problems associated with 
these uses, and what economic factors must be considered. We will also dis- 
cuss the specifics of several underground engineering applications currently 
under development. 


CHARACTERISTICS OF THIS NEW TOOL 
When a nuclear explosive is detonated underground, the initial result is 
the release of all of its energy and a large number of neutrons in less than a 


microsecond into the few tons of material comprising the explosive canister and 
the surrounding rock. 


*This work was performed under the auspices of the U. S. Atomic Energy Commission. 
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The neutrons are thermalized and captured in the materia! producing 
a variety of new nuclides, some of which are stable and some of which are 
radioactive with a variety of half-lives ranging from seconds to thousands 
of years. Deposition of such a large quantity of energy in such short time 
results in a spherical mass of material having temperatures of over fen 
million degrees and pressures of over one million atmospheres. At these 
temperatures and pressures, all of the material behaves like a gas or fluid. 


In response to these pressures, the cavity filled with gaseous rock 
begins to rapidly expand against the surrounding medium, initiating an out- 
ward moving spherica! shock wave. Figure 1 shows the various steps in the 
explosion process for a 5-kiloton explosion in granite. Initially, this 
shock wave is sufficiently intense to vaporize additiona! rock and add its 
mass and volume to the cavity. As the shock wave continues to expand, it 
is reduced in intensity and when it is no longer strong enough to vaporize 
the rock, it breaks away from the cavity and travels away from the cavity 
out into the rock (See <1 msec. in Figure 1). While it is still near the 
cavity, the shock wave crushes the rock as it stresses it beyond compres- 
sive strength limit. As the shock wave continues beyond, it continues to 
produce fractures in the rock, but to a reduced degree until the fracture 
limit is reached, beyond which the medium behaves elastically in response 
to the pressure wave. These steps are depicted as 3 msec. and 50 msec. in 
Figure 1. 


The cavity continues to expand spherically until equillibrium is estab- 
lished between the pressure of the vaporized rock and water inside the cavity 
and the stress field in the rock. The cavity thus produced may stand for a 
period of time ranging from seconds to hours or days depending upon the type 
of rock, the depth of burial, and the explosive yield. When and if collapse 
occurs, the collapse wil! generally progress upward at about the same di- 
ameter as the cavity until the limit of the fracture zone is reached as 
indicated in Figure 1. The original volume of the cavity is thus redistrib- 


uted as interstitial volume within the broken rubble filling the cavity or 
in apical void at the top of the zone of broken rock. In some materials, 
the collapsed material may increase in volume so greatly as a result of 
collapse that It will "use up" all of the cavity volume created and collapse 
will stop before it reaches the fracture limit. 

Figure 2 illustrates the range of effects that have been observed as a 


result of varying the depth of burst. All experience has been depicted in 

terms of a 30-kiloton explosion in Lewis shale. Also shown in Figure 2 are 
the two possible results that may occur when the depth of burst is extended 
beyond 12,000 feet. 


Figure 3 illustrates the range of effect that has been observed in four 
different geologic media. All this experience has been depicted in terms 
of a 30-kiloton explosion. As indicated, the size of the fracture zone and 
the probability and height of cavity collapse is very much a function of 
properties of the medium. = 


This rubble-filled, cylindrical volume is called a "chimney". For a 
30-kiloton explosion, the diameter of the cavity and chimney range from 
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80 to 200 feet with the height to diameter ratio ranging from 1 to 3. 
Surrounding the chimney Is a spherical fracture zone centered on the det- 
onation polnt having about 3 to 6 times the cavity diameter. ThIs, then, 
ts the basic structure to be utilized {n Underground Engineering Appli- 
cations. 


TYPES OF USES UNDER STUDY 


Hydrocarbon App! ications 


A wide varlety of Underground Engineering Applications deal with the 
production or use of hydrocarbons. As the energy requirements of our 
modern soclety expand at an ever Increasing rate, our requirements for gas 
and olf] will grow at such a rate that new resources and development tech- 
niques must be found. Plowshare Underground Engineertng techniques appear 
to be applicable In a number of areas. 


Gas and O11] Stimulation 


The rate at which gas or oll can be produced from an underground 
formation or reservolr ts directly proportioned to the effective permea- 
billty of the medium, and to the logarithm of the we!l diameter. Many 
flelds have been discovered In which very large quantities of gas and ol] 
are present but cannot be removed in an economically feasible manner 
because the permeabilIty Is too low. 


For this application, Illustrated In Flgure 4, the highly permeable 
rubble-fllled chimney plays the role of a greatly increased wel! bore. 
To the extent that the fractures surrounding the chimney and detonation 
polnt are permeable, they will further extend the effective radius of 
the wel! bore. Thus, creation of such a chimney and fracture system in 
a gas or oll reservoir that contains a large quantity of hydrocarbons, 
but Is not permeable enough to allow them to be economically produced, 
wlll greatly stimulate the rate of production and increase the production 
of the in-place reserves that can be recovered through a single hole. 
Estimates of the degree of stimulation prior to the first stimulation 
experiment, Project Gasbuggy, ranged from 3 to 6. The results of Gasbuggy 
as well as plans for future experiments are discussed below. 


In-situ Ol} Shale Retorting 


Several basins !n Western Colorado, Utah, and Wyoming contain tre- 
mendous deposits of oil shale. The U. S. Bureau of Mines has estimated 
that the reserves In the Piceance Creek Basin of Colorado alone represent 
320 bli lion barrels of of! which is about four times the present U. S. 
recoverable petroleum reserves. OI! shale consists of a marlstone which 
contatns a hydrocarbon called kerogen. When heated to about 650°F, the 
kerogen undergoes chemical decompositton into various gaseous hydrocarbons 
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including ol! and gas vapor leaving a resldue of carbon. 


The nuclear application envisages the detonation of a nuclear explo- 
sive at the base of the oll shale formation, creating a large chimney 
filled with broken oll shale (See Flgure 5). Combustion would then be 
started at the top of the chIimney and sustained by alr pumped In from 
the surface. By drilling several holes to Intersect the base of the chim- 
ney, a circulatory system can be established In which alr Is pumped in at 
the top of the chimney to support the combustion front consuming the re- 
stdual carbon. The hot combustion products would then be swept ahead to 
heat and retort the raw shale lower down In the chimney and ultImately 
to mlx with the vaporized hydrocarbons and be pumped to the surface for 
separation. This cycle Is shown In Flgure 5 together with a demonstration 
of how a multiple array could be used to retort the ol! shale between 
chlImneys. 


Major questions that Impact on the feasibility of this application 
are the probabllIty of collapse at permissible yields, the size of the 
particles In the chimney, and the efficiency of the retorting process. 
Signtflcant work on the latter question Is being done by the Bureau of 
Mines at thelr Laramle Research Station In a retorting facility capable 
of retorting 10 tons of shale at a time. 


Gas Storage 


Over the last 20 years there has been a tremendous growth In the 
use of natural gas as an energy source. There Is every Indication that 
this growth rate wil! continue at the same or Increased rate. The major 
problem facing the gas distribution Industry today Is the tremendous 
fluctuation In demand for gas from week to week and month to month. In 
order to avoid having to bulid pipeline facilities as large as peak de- 
mand requires, various means of storing gas near the consuming market to 
meet peak demands have been developed. The Investment of the gas industry 
In storage facilItles to date Is over one billion doflars. Most storage 
has been provided through the use of depteted ol! and gas formations. 
These have the advantage of very low cost to develop and maintain, but the 
rate at which the gas can be removed is !imited. Unfortunately, because 
of the growth of the gas industry, virtually all known depleted formations 
are presently being used. The other principal means of storage Is li- 
quefication and pressurlzation. This means has high "dellverabillty™ but 
Is much more expensive to build and operate. 


The Plowshare app!lcation In the gas storage Industry env! sages 
creating a chlinney in a very tight, unfractured, impermeable formation 
such as shale or salt and at a location as close to the market as sels- 
mically acceptable, and pumping It full of gas. Pressures as high as 
lithostatic may be used. The volume used is in the interstices between 
the rubble fragments and [In the fractures extending out to several 
cavity radii from the cavity. Because of the very great permeabi|!ty 
of the chimneys, the deliverabifity of the chimney is limited only by 
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the size of pipe to the surface. Two independent studies of this appli- 
cation have shown that 50- to 100-kiloton chimneys would be very competitive 
economically with the other means of storage and have the added advantage 

of very high deliverability. 


Petroleum Storage 


Nuclear chimneys can also be used for the storage of petroleum in 
an application very similar to gas storage discussed above. Such a use 
appears particularly attractive for off-shore drilling situations or in 
the Arctic where it !s necessary to stockpile petroleum while awaiting 
the arrival of periodic tankers. A 1]00-kiloton chimney at a depth of 
3,000 feet would produce over 2 x 10° bbis of storage at a capital cost 
of between 1 and 3 dollars/bbl. 


As for gas storage, an impermeable formation would be required for 
petroleum storage in which fractures emanating from the chimney would 
terminate before they encountered an extensive fracture system or 
ground water. 


APPLICATION IN THE MINING INDUSTRY 


In-situ Copper Leaching 


Another application of Plowshare Underground Engineering which ap~ 
pears to have great promise is the in-situ leaching of copper ore from 
low-grade ore deposits. Throughout the southwest U. S. a large number 
of low-grade copper ore deposits exist which contain large quantIties 
of copper, but in which the copper Is so diffusely distributed that 
it is not economical to remove the copper by conventional block cave 
mining or by over burden removable and open pit mining. for those 
deposits which are sufficiently deep, the application shown in Figure 6 
would involve creating a chimney in the ore deposit followed by the intro- 
duction of an acid solution at the top of the chimney. As the solution 
percolates downward through the broken ore, copper would be leached from 
the new surfaces as well as from those fractures accessible to the leach- 
ing solution within the rock. The pregnant liquor would be recovered at 
the bottom of the chimney and pumped to the surface where conventional 
separation facillties would remove the copper and return the acid to the 
top of the chimney for another cycle. 


Two methods of recovery are available. One is Illustrated in 
Figure 6, in which drill holes from the surface have been whipstocked 
into the lower chimney region. Down hole pumps would be installed and 
used to pump solution to the surface. Alternatively, a shaft and tunnel 
below the chimney with collection galleries radiating from the tunnel 
could be used. 
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A variation of this technique applicable to very shallow low-grade 
ore deposits or ones which extend to the surface is illustrated in Figure 7. 
For this application, the depth of burial and yield are chosen such that the 
dynamic effects of the explosion reach the surface of the ground, but do 
not produce a crater. At this depth of burial, a structure called a retarc 
Is formed which is halfway between a crater and a chimney and has the shape 
illustrated in Figure 7. The application is envisioned to involve spraying 
leaching solution on the surface of the retarc, recovery of the pregnant 
solution at the bottom of the retarcs through a hole or shaft and tunnel, 
followed by conventional separation. 


One of the major problems of the In-situ copper leaching application 
is quite obviously the efficiency of collection of the pregnant solution. 
The other major question is the efficiency with which the minerals can 
be removed from the broken rock by in-situ leaching. 


The methods described above may be applicable to other minerals pro~ 
viding economical leaching techniques are available. Mineral deposits which 
are too deep for manned recovery because of the high temperature are par- 
ticularly suitable as well as the recovery of such products as salt and 
sulphur. 


Block Cave Mining 


Reentry to the chimney by means of shaft and tunnel could also be used 
for the removal of ore deposits through the use of block cave mining tech- 
niques quite analogous to those currently in use in the mining industry. 
The advantage of the chimney would be that the rock would be fractured 
before block cave mining was attempted. Such a technique would be most 
applicable to ores such as taconite, which are so strong that conventional 
block cave mining techniques are not practical. An additional advantage 
of such a technique would be that the breakage of the ore would probably 
be enhanced over that obtained by conventional block cave mining methods. 


THE NATURE OF THE SAFETY PROBLEM 


For Underground Engineering Applications, the principal safety prob- 
lems can be resolved into two categories, ground motion and radioactivity. 


Radioactivity 


The radiation safety problem can be broken down into three parts: 
off-site safety of the general public surrounding the project; on-site 
or industrial safety of project or company personnel; and safety of the 
general public from product contamination. | will onty lightly touch on 
each of these areas to put them in perspective and later papers will 
discuss them in much more detall. 
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Radloactivity Is produced from three sources: 


1. Fission of nuclear materials which produces a wide variety 
of fisslon products radionuclides including both gaseous and refractory 
elements; 


2. Tritium and beryllium produced by any thermonuclear actions 
involved In the energy source; 


3. Radioactive nuclides produced by neutrons from the explosive 
In the components of the explosive and the surround!ng environment in- 
cluding any casing or grout material. 


For applications Involving hydrocarbons, the most severe problem 
Is associated with tritium whlch can be produced in a thermonuclear 
reaction or by Interaction of neutrons with lithium in the rock. Because 
tritium Is an Isotope of hydrogen, It behaves chemically |!ke hydrogen 
and exchanges with hydrogen atoms In hydrocarbons and water. The rate 
at which this exchange takes place Is a function of the temperature and 
pressure In the chImney. Once the tritium exchanges with the hydrogen, 
It Is virtually Impossible to separate the tirtium from the hydrocarbon 
and dilution ts the only means of reducing the level of tritium contami- 
nation. For this reason, hydrocarbon applications require the use of 
all fisslon nuclear explosives and sufficient shielding to reduce the 
production of tritium in the soll to a leve! at which the produced 
contamination Is acceptable. For hydrocarbon storage, flushing of the 
chimney with air or water would be very effective at reducing the back- 
ground level of gaseous radioactivity and would minimize contamination of any 
hydrocarbon stored in the chimney. 


The only fission product of concern for gas stimulation and gas 
storage Is krypton-85, a noble gas. If the contamination by this isotope 
Is unacceptably high, It can be removed by existing techniques. 


For non-hydrocarbon applications such as in-situ leaching of copper, 
the hazard from. tritium will be confined to the industrial hazard within 
the separation or processing plant. Product contamination will involve 
only those nuci{des which are dissolved by the leaching solution and are 
chemically similar to copper. Preliminary studies have indicated that 
ruthenium is the only flssion product that shows any tendency to follow 
copper. The extent of any such problem must be evaluated In an actual 
experiment. Conventional electrolytic refining of the copper would 
remove even the ruthenium. 


The block cave mining applications or shaft and tunnel collection 
in connection with in-situ leaching must recognize problems of tritium 
contaminated water vapor which would constitute an industrial safety 
problem. 


Off-site hazards from radioactivity can occur at the time of the 
detonation and during the chimney reentry and product recovery phases. 
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In general, the great depth of the Underground Engineering Applications 
reduces the probability of escapes of radioactivity at the time of the 

detonation to an extremely smati number. Great care must nevertheless 

be taken in planning and executing these events to avold the chance of 

off-site exposure. 


Ground Motion 


For almost all Underground Engineering Applications, the primary 
off-site safety problem arises from ground motion experienced by sur- 
rounding communitles as a result of the nuclear explosion. This problem 
can be resolved Into three parts: the nature of the source and the 
matertal surrounding It; the nature of the material In the transmission path 
between the source and structures of concern; and the characteristics 
of the structure and the nature of the material on which it Js built. 
Experlence has shown that the probability of damage of structures can 
be related to the motion they experience. The type of damage most 
frequently Involved in Plowshare Underground Engineering App! ications 
is expected to be architectural, and not structural. Nevertheless, 
such damage represents real costs and must be taken into account in the 
planning of any Plowshare exper !ment. 


ECONOMICS 


The cost of any Plowshare Underground Engineering Application 
Involves three factors. First is the cost of the nuclear explosive and 
its detonation. Figure 8 gives a summary of the explosive service 
charges published by the Atomic Energy Commission that are recommended 
for planning purposes in evaluating Plowshare applications. These 
charges Include the cost of the nuclear explosive, its transportation 
to the detonation site, and its detonation, but do not include such 
costs as the emplacement hole, stemming, cabling, and all other support 
requirements. 


The second major cost items are those associated with emplacement 
of the explosive, stemming, cabling, providing vehicular and construction 
support and togistics. These costs can vary quite widely depending on the 
depth of burial, the geological locations, and the size of the emplacement 
hole required. 


The third major category of costs are those associated with the 
industrial utilization of the chimney. Involved here would be holes 
drilled to recover the product, surface installations of product 
processing and refining, and radiation monitor and control of decontami- 
nation facilities. 


Because of the interaction of radioactivity production with explosive 
cost, diameter, and decontamination facilities required, these three cost 
items are intimately related to one another and must be considered together 
to realize a minimum cost for an application. 
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CURRENTLY ACTIVE PROJECTS 


Figure 9 summarizes the location of those projects which are under 
active consideration by the Atomic Energy Commission at the present time. 


Included here Is the Gasbuggy experiment which is undergoing pro- 
duction tests at the present time, in the Gasbuggy experiment, a 25-ki|- 
oton nuclear explosion was detonated at a depth of 4,240 feet in a low 
permeability gas reservoir in northwest New Mexico in December, 1967. 

To date, In excess of 167 mififon cubic feet of gas have been recovered 
from the Gasbuggy chImney. Production from an existing gas wel! about 

400 feet away over a nine-year period has totaled about 85 million cubic 
feet. The gas produced has been flared and has not constituted a hazard 

to test personne! or to the general public off the site. Production tests 
are continuing to provide definitive data with which to evaluate the degree 
of stimulation of the formation but Initial results are quite favorable. 


Rulison 


The Rulison experiment, which has been proposed by the Austral Ol! 
Company and the CER Geonuclear Corporation is a gas stimulation experi- 
ment planned for execution In the spring of 1969 which has been designed 
to [nvestigate the commercial feasibility of gas stimulation In the 
Rulison Gas Fleld in western Colorado. It will involve the detonation 
of a 40-kiloton nuclear explosive at a depth of about 8,430 feet, re- 
entry of the chimney, and production of gas. A contract between the 
Federal Government and Austral/CER was recently signed for carrying out 
the project. Under the terms of this contract, Austra! will provide al! 
work and services for the project except the nuclear expfosive and related 
services such as firing the explosive and direction of nuclear operational 
safety procedures. 


Dragon Trail 


Dragon Trall Is a gas stimulation experiment proposed by the Conti- 
nental O!! Company and the CER Geonuclear Corporation involving the use 
of a nominal 20-kiloton nuclear explosive in a gas reservoir formation 
about 16 miles south of Rangely, Colorado. The depth of burial of this 
experiment Is about 3,000 feet. Plans are currently being developed 
for the experiment and a detonation in fal! or early winter of 1969 is 
anticipated. 


WASP/Pinedale 
Two experiments, WASP and Pinedale, have been proposed for a deep, 
tow permeability gas reservolr in the Pinedale basin north of Green River, 


Wyoming. International Nuclear Corporation, representing a group of six 
companies has proposed a detonation of a nuclear explosive in the range 
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of 50-kilotons at a depth of approximately 11,000 to 12,000 feet. The 

El Paso Natural Gas Company has proposed a similar event at a nearby loca- 
tion in the same Green River basin. This reservoir extends from 10,000 feet 
to as deep as 18,000 feet and Introduces a new realm of temperature and 
pressure problems associated with these great depths. However, the high 
pressures also mean that large quantittes of gas are present and so the 
economic Incentive for Its recovery is great. For thls reason, the tech- 
nical problems assoclated with the emplacement of a nuclear explosive, 

the creation of a chimney, the establishment of a fracture system, and 

the production of gas from this environment must be faced. These projects 
are In the early stage of development and will not involve detonations 

for several years. 


Sloop 


Sloop Is an In-sltu copper ore leaching experiment proposed by the 
Kennecott Copper Corporation for an ore deposit located about nine miles 
northeast of Safford, Arizona. The experiment would Involve a 20-kiloton 
nuclear explosive burled at a depth of-!,200 feet at the base of a low- 
grade copper ore deposit. Thls experiment is under active development 
and planning at the present time and a detonation the late spring or 
summer of 1970 is antictpated. 


Ketch 


!n the fall of 1967, the Columbia Gas System Company proposed a 
joint industry-government experiment to explore the possibillty of using 
nuclear explosives to produce underground gas storage facilities. A 
24-kiloton exper!ment, named Project Ketch, was proposed. At the present 
time, the company is considering three tocations in the middle Atlantic 
states as indicated in Figure 9. 
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Engineering Experiments 


Figure 9 - Plowshare Underground 


and hydrology of the Nevada Test Site in which considerations of 
ground water migration and distribution coefficients, the kind of 
things one must look for in water, are treated quite tucidly and | 
might say that to my knowledge at least there has not been any 
documented evidence of any ground water contamination from nuclear 
detonations. 
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SUMMARY OF RESULTS OF UNDERGROUND ENGINEERING EXPERIENCE 


Fred Holzer 
Lawrence Radiation Laboratory, University of California 
Livermore, California 


ABSTRACT 


Results pertinent to the use of nuclear explosives in 
underground engineering applications have been accumulating 
for the past 10 yeare from the Plowshare and Weapone teste 
of the AEC. Thus, predictive and measurement techniques 
of shock effects and chimney formation were developed in 
the course of analyzing explosions in granite, salt, and 
dolomite. The ability to predict effecte related specif- 
teally to eafety has resulted from many measurements on 
detonations at the Nevada Test Site, where aleo many of 
the techniques for handling, emplacing, and firing the 
explosive have been developed. 


Thies gestation period culminated in the execution 
of Project Gaebuggy, jointly sponsored by industry and 
government, and the firat nuclear explosion in a gas- 
bearing formation. The Gasbuggy explosive had a nomi- 
nal yield of 25 kt and was detonated 4240 ft below the 
surface in the San Juan Basin in northwestern New Mexico 
on December 10, 1967. The shot point waa 40 ft below 
the lower boundary of a 285-ft-thick gas-bearing sand- 
stone formation of very low permeability. Wo radto- 
active venting occurred, and no damage to surrounding 
gas wells or etructurea resulted. Post-shot geophysical 

. exploration and gas production teste have revealed that 
the nuclear explosion created a subsurface chimney ap- 
proximately 160 ft in diameter and 335 ft high. Frac- 
tures appear to extend to about 400 ft symmetrically 
from the detonation point, with shifte or offeete along 
geological weaknesses extending out to perhaps 750 ft. 
Presently, radioactive constituente in the gas consetst 
of tritiwn and krypton-85, with concentrations of ap- 
proimately 10 yCt/ft and 1.5 wCi/ft® respectively. 
Theee concentrations are decreasing as gas withdram 
from the chimney is replaced by formation gas. Tests 
to evaluate the increase in productivity and ultimate 
recovery are currently in progress. 


——— 
Work performed under the auspices of the U.S. Atomic 
Energy Commiaston. 
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Results from underground nuclear detonations have accumulated ever 
since the first underground detonation In 1957. As the number of media 
In which nuclear explosions took place Increased, data from these ex- 
plosions could be put within the framework of a developing theory In 
which differences between these various detonation effects became mean- 
Ingful. In turn, the growing body of theory and computation could be 
used to predict In an Increasingly reliable way the effects of new 
underground detonations. In treating these various effects, It was 
found convenient to separate effects elther spatia!!y according to the 
region In which they occur, or In time according to the perlods after 
the detonation where the various effects predomInate. Thus, early in our 
experfence we talked about close-In effects, meaning the effects of the 
shock wave, the growlng of the cavity, as well as the manifestations 
of the detonation at or near surface zero. The general generation of 
the selsmic wave and Its propagation to distances where its effect Is 
Important Is an early or prompt manifestation of the detonation. Ef- 
fects and results from underground detonations stretch In space from 
the very high pressure hydrodynamic region close to the detonation 
all the way to the seismometer on the other side of the world and In 
time to the generatlon of the shock wave with the release of energy 
at the explosive to the release of radioactive gases perhaps many 
months afterwards during a reentry or gas production phase of the ex- 
periment, Here, however, | shall limit myself to two areas of effects 
from detonations which are of specta! Interest to the fleld of under- 
ground engineering applications. Of central Importance In these ap- 
plications are the area of the subsurface chimney and the region of 
rock immedlately surrounding this chimney. | will attempt to relate 
some of the things we know about these reglons, usIng the results from 
the Gasbuggy experiment as a case study. The second area of special 
Interest to the underground engineering area in general and to this 
group In particular is the composition of the gases one can expect to 
find In the chimneys of underground detonations, in particular from 
detonations tn a gas reservoir. In this latter case, results from 
Gasbuggy of course are the only ones avallable at this time. 


For underground engineer!ng applications, the reglon surrounding 
the detonation center and Including the chimney and the fractured re- 
glon Is of primary Importance to the application. Thus, In the attempt 
to stimulate gas reservoirs, the chimney and fracture regions serve as 
the gathering system for the natura! gas, and I+ is the increased per- 
meabl lity of these regions ever the natural state in which the utility 
of these nuclear explosions lies. !n the case of of! or gas storage, 
the vold space of the Initial cavity is distributed throughout the 
chimney as interstitial porosity and represents the economic benefit 
of the explosion in thls particular application. In the area of mining, 
the diminuted rock which Is distributed as rubble within the chimney 
represents the end product. In the case of an in situ leaching ap- 
plication, it fs again the rubble within the chimney which makes the 
feaching application possible. What then do we know about the cavity, 
chimney, and fractured region surrounding underground detonations? 
Actually, we know quite a bit. In practice we will need to know a fot 
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more. We have, for example, a considerable amount of data on cavity 
slzes from the weapons tests In alluvium and tuff at the Nevada Test 
Site.! We have a great deal jess Information about chimney sizes from 
these detonatlons, since most of them have resulted In subsidence cra- 
ters where the chimney goes al! the way to the surface. For those that 
have formed chlmneys contained below the syrface, we have only fragmen- 
tary Information about such chimney sizes.“ Aside from these detona- 
tions In volcanic rocks ye have data from three detonations In granite,? 
two detonations In salt,“ one In dolomite,” and one In sandstone and 
shale, namely Gasbuggy. Attempts to systematize data on cavity sizes 
using a thermodynamic approach were first published by Boardman et al. 
Later, Higgins and Butkovich! used thermodynamic properties of rock 
vapor to derive the values of the purely empirical constants appearing 
In Boardman's equation. In thls approach the cavity Is allowed to ex- 
pand from Its Inittal vaporized size until the pressure Is equal to the 
\ithostatic overburden. The result of this procedure Is shown In Fig. 
I. No chimney helght Information Is contalned In thls procedure. Chim- 
ney helghts were usually approximated to be about 4 or 5 times larger 
than Jn the cavity radJJ. 


A second technique, developed by Cherry et al.,’ makes use of a com- 
puter calculatlon and measured strength properties of the rock. Cavity 
sizes are calculated by hydrodynamic=plastic-elastic computer calcula- 
tions usIng measured rock properties, Chimney heights result from com- 
paring the amp! itude of the outgolng stress wave with the strength prop- 
erty of the rock to determine the radius of fallure of this rock. While 
chimney heights are not directly calculated by thls method, expertence 
has shown that predicted failure radIt are within {5 percent of observed 
chimney helghts. In this procedure fallure radi! of chimney helghts are 
not directly tied In to cavity radii, but are primarily governed by the 
rate of stress wave decay and rock strengths. Figure 2 graphicaffy com- 
pares predicted and measured cavity and failure radii for the 12-kt 
Handcar explosion In dolomite and the 5-kt Hardhat explosion In granite. 
The reasons for the smaller fallure radius In Handcar can be attributed 
to the strength properties of dolomite and granite depicted by Fig. 3, 
which shows that In the low-stress reglon dotomite is stronger than 
granite. 


This theory also predicts severa! additional consequences. The 
first concerns the geometry of the falled region. Since the outgoing 
stress wave Is spherically symmetric, one could expect a fallure region 
whose surface [s that of a sphere surrounding the detonation, and whose 
radius then Is approxlmated by the chimney helghts. If Indeed rock Is 
falled below the detonation center as well as above, the vertical extent 
of rock fallure Is effectively twice the chimney height, and the ability 
of a nuclear detonation to stimulate reservotrs would be very much en- 
hanced over what It had been thought to be previously. The theory also 
predicts that for deeper detonations where the overburden causes the 
rock to behave more ductile than at shallower depths, the cavity and the 
fallure region produced could be significantly reducad.> Since we have 
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no experimental verification or indeed any experience at a depth in ex- 
cess of about 4500 ft, these predictions must be verified by future ex- 
periments. 


Let me now describe what we know about the Gasbuggy cavity and 
chimney region, and how they compare with our preshot expectation.6 
The nominally 26-kt Gasbuggy explosion was detonated 4240 f+ below the 
surface. The shot point was in the Lewis Shale formation some 40 ft 
below its contact with the Pictured Cliffs sandstone. This formation, 
about 300 ft thick, is in itself non-uniform and is overlain by a 40-ft 
section of coal which is of low density and highly fractured. The geol- 
ogy cross section is shown in Fig. 4, and it is apparent that a calcula- 
tion of failure radii must take account of the physical properties of 
the different layers involved. A layered geology such as is exhibited 
here, and one that {fs typical of geologies of sedimentary basins makes 
it difficult to apply an empirical procedure In the prediction of cavity 
and fracture region sizes; for Gasbuggy, the calculational failure radii 
model was used. A cavity radius of 78 ft was predicted. The difference 
In physical properties gave an expected failure radius vertically above 
the shot point of about 335 ft, a failure radius within the Pictured 
Cliffs sandstone of about 400 ft and a failure radius within the Lewis 
Shale of about 500 ft.’ We also recognized before the shot that the 
varlous bedding planes formed primarily by coal seams might exhibit off- 
sets to larger distances than those calculated for the homogeneous rock. 
Such did turn out to be the case. The inclusion of such weaknesses in 
a failure prediction is one of the tasks of the future. Figure 5 shows 
the state of our knowledge of the Gasbuggy chimney. The Information was 
obtained from geophysical exploration in the reentry hole to the top of 
the chimney,8 prompt information from the fracture cable system which was 
emplaced In hole GB-I| about 150 ft away from the emplacement hole,? and 
geophysical exploration of the reentered GB-2 hole to a depth of 4600 
#t.!0 Information on cavity volume comes from the anatysis of the short- 
term gas flow tests performed during June and July 1968.!! Here the void 
volume is calculated by noting the amount of pressure decrease for a 
given volume of gas withdrawn. This void volume for Gasbuggy amounts to 
approximately 2 million ft3, and is equivalent to a sphere of 80-ft radius. 
The chimney height shown in the figure represents the location of a void 
carrying both gas and radioactivity which was encountered during reentry 
drilling at a depth of 3907 ft below the surface. Upon closer examination 
of the data, offsets and casing breaks in the emplacement hole were Iden- 
tified as having occurred between 3800 ft and the chimney top at 3907 ft. 
These casing breaks can be correlated with bedding plane weaknesses noted 
during the coring and logging program of the GB-! preshot hole. The loca- 
tions of those fractures are also corroborated by the failures in the 
fracture cable system Installed in GB-I which are also shown tn this flg~ 
ure. Figure 6 shows some of the results obtalned during the reentry of 
the GB-2 hole located approximately 300 ft away from the emplacement hole. 
During this reentry, offset casing was encountered 3812 ft below surface 
or almost 630 ft from the shot point. This offset casing necessitated 
sidetracking the hole, after which it was drilled and completed to 4600 
ft. The preshot hole, GB-2, was drilled through very competent rock, 
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resulting In a very uniform diameter hole. Such was not the case for 
the sIidetrack portion of the new hole. This figure shows results of 
two caliper fogs run 35 hr apart, noting that the hole 1s very ragged 
and sluffs very readily. Figure 7 compares the porosities determined 
pre- and postshot in terms of porosity changes. Whlile there is some 
scatter, it is obvious that in genera! the porosIty has increased. 
Figure 8 presents the quantitative results on gas entries observed In 
thls hole and compares them wlth some of the preshot numbers. Gas flow 
during drilt ng as shown by the left-hand portion of this figure had 
increased considerably over that found when the original GB-2 hole was 
drilled. Gas entry locations are determined by means of the tempera- 
ture fog shown and the Packer Flow meter which quantitatively deter- 
mines the amount of gas flowing through the Instrument at various depths. 
Of special interest here are the gas entries shown by both the tempera- 
ture log and the Packer Flow meter in the Lewis Shale section below 
4200 ft. Since the Lewis Shale does not contain any gas in this local- 
ity, the gas entries here are indicative of fractures communicating with 
the chimney, or at any rate with the Pictured Cliffs gas bearing forma- 
tion above. This is the only evidence which we now have Indicating the 
correctness of the failure radius concept and Its importance In the gas 
stimulation area. 


Of course the quantity of more direct interest Is the Increase in 
permeablIIty of the rock with respect to its abllity to transmit gas. 
In practical! reservoir terms, we need to know the increase in produc- 
tivity and recovery of the stimulated Gasbuggy reservoir. Figure 9 shows 
some of the data that are being taken to arrive at a solution to this 
problem. Shown here are the flow rates of gas from the Gasbuggy chim- 
ney which were found to be necessary in order to maintain the pressure 
at the top of the chIlmney at three different constant values. The 
reservoir engineers from the Bureau of Mines and the £1 Paso Natural Gas 
Company are in the process of anlayzing these data. It Is interesting 
to note, however, that the total amount of gas withdrawn from the 
Gasbuggy chimney up fo now Is approximately 200 million ft.> Since belng 
drilled tn 1956, Well 10-36, the conventional well located some 415 ft 
from the Gasbuggy emplacement hole, has produced about 8! milllon +3 
of gas. In fact, of the eight wells closest to Gasbuggy, only three had 
produced more gas than Gasbuggy has up to this time.© Another way to 
look at the 200 million ft? of gas produced would be to realize that 
that amount of gas Is present within a cylinder 300 ft in radtus in the 
Pictured Cliffs gas bearing formation at the Gasbuggy sIte. 


The next set of figures will illustrate another major area of study 
of Gasbuggy, namely the composition of the gas, with emphasis on the con- 
centration of radioactive constituents.!2 Particular attention has been 
pald to the gaseous isotopes krypton-85 and tritium, whose half-lives 
are 10.6 and 12.6 years respectively. They show, of course, very little 
reduction [n amount dus to natural decay. lodine, a short-lived isotope, 
was not detected at Gasbuggy. The presence of iodIne-I31, while having 
no long-term significance, could make an early reentry operation expen- 
sive and inconvenient. The reason for the apparent retention of iodine 
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underground Is not very clear, although from the presence of xenon Iso- 
topes, we know that the fodine was produced. Figure 10 shows the results 
of sample analysts taken during the first six months after the detonation. 
The gradual decrease In tritiated hydrogen concentration may be due to 
the reaction of hydrogen with carbon dioxide to form methane and water. 
This Is supported by Fig. |! whlch shows the changes In chemical concen- 
tration of the gas over this same sampling Interval. The salient fea- 
tures of both of the last two figures are the total concentration of 
tritlated gas of about_!8 to 20 wCl/ft?, a krypton-85 concentration of 
approximately 3 uCl/#t3, and a C02 concentration of about 35 percent. 
While the tritilum concentration Is tess than expected by perhaps a fac- 
tor of 20, we did not anticipate finding such a large amount of C02. It 
has been proposed to decrease these concentrations by flaring chimney 

gas and replacing It with clean gas from the surrounding formation. 


Figure 12 shows the analysis of samples taken during the June-July 
flow testing, when approximately 60 miillon tt3 of gas were flared from 
the chimney. The marked decrease In concentrations taking place_at about 
July 10 corresponds to a decrease_In flow rate from 5 milifon ft? per day 
to three quarters of a million ft? per day. Such a decrease in concen- 
trations {s most IIkely explained by a change In the Influx pattern of gas 
Into the chimney. The corresponding change In the chemical constituents 
Is shown In Flg. 13. Here the decrease In CO9 and hydrogen is reflected 
by a corresponding Increase In the hydrocarbon content of the gas. 


Figure 14 shows the results of the continuing analysis of gas during 
the flow tests which started at the beginning of November. The gas with- 
drawal rates during thls perlod are shown on the same graph for comparison. 
The corresponding amounts of the chemical constituents are shown on Figure 
(5, The changes In C02 concentrations with flow rates seem to follow 
Those eon the gaseous radioactivities very closely. The ratios of CH3T/C02 
and 8 Kr /CO2 are practically flat for both the June-July and the November- 
February sample analyses. 


From a standpotnt of documenting all releases of radloactive gases 
as well as to guard possible fluctuations in concentrations between the 
polnts shown In these past graphs, we had Installed a system to contin- 
uously monitor the activity of the ffared gas. !3 This field monitor con= 
sisted of two chambers being viewed by scintIl!atlon crystals and recording 
count rates corresponding to the krypton-85 and tritium disintegratlon 
energies. These readings, while showing some fluctuations from day to day, 
do not show any large excursions between the times samples are withdrawn 
for chemcla! and radiochemical analysIs. Figure 16 compares the smoothed 
data from the monitor with the laboratory analyses. The krypton-85 data 
agree very well; the monitor shows somewhat less tritium content in the 
ges than the laboratory analysis. However, the count rates In this chan- 
nel are only about a factor of two above background. 


What about the unanswered questions of Gasbuggy? Concerning the 


concentrations of the radioactive constituents, a natura! question to 
ask ts whether this gas is usable for home consumption. The answer must 
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awalt determination by the proper regulatory agencies; no standards for 
radioactivitles In natural gas exist at this time. It Is pretty clear, 
however, that these concentrations, especially the tritium, need to be 
reduced. One way to accomplish this might be to rapidly flare one or 
more of the Initlal chimney volumes of gas. We have made some calcula- 
tions which show that thls method has cons! derable promise, | More 
basically, one would IIke to eliminate tritium from the Initial gas It- 
self. About four grams of tritlum were left by the Gasbuggy explosive. 
Perhaps as much as one gram of thls was produced by neutron activatlon 

of the soll surrounding the explosive, primartly by Interact!on of neu- 
trons with lithlum-6; thus even If one were to use an explosive that did 
not produce any tritium Internally, one would still be left with the con- 
tribution of this soll activation. One way thls contributlon coutd be 
el!minated Is by shlelding interposed between the explosive and the sur- 
rounding rock. We have calculated that about one ft of boric acld 
shlelding would be necessary to reduce the amount of tritlum produced 

by I{thlum activation by a factor of 100. About six Inches Is necessary 
to reduce this amount by a factor of ten. Since the use of such shielding 
might entall expensive underreaming of the emplacement hole, we are 
studying the possibliity of using shlelding materia! inside the explosive 
canister. Through the use of advanced technology and Internal shlelding, 
It Is not unreasonable to expect that within the ifmitatlons of a {4-Inch 
dlameter canister the amount of tritium produced In future underground 
explostons might be decreased by about a factor of 100 from that of 
Gasbugqgy. 


Like all good experiments, Gasbuggy has not only answered some ques- 
tions but also has ralsed new ones. {t has been reailzed all along that 
no singte experiment would be able to answer all the questions Involved 
In the use of nuclear explosives for underground engineering applications. 
Some of these answers wil! have to come from different detonations at 
different ylelds, different depths, at different localities, and In dlf- 
ferent geologic settings. Even so It Is clear that there will be chal- 
lenging problems to be solved for a very jong time to come. 
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Figure |. Measured cavity radit as a function of explosive yleld, 
depth of burst, and properties of the medium as derived by 
Higgins and Butkovich. | 
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Figure 2. Measured and calculated cavity radil and chimney heights 
for the Handcar and Hardhat explosions. 
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Strength of dolomite and granite as a function of mean 
stress. Any polnt above the lines on this graph indicates 
failure. Hence at low stress levels, corresponding to large 
distances from the detonation center, dolomite is stronger 
than granite. 
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Figure 4, Geologic section at the Gasbuggy site. 
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Figure 5. Inferred Gasbuggy chimney, showing casing breaks, bedding 
planes, and fracture cable data. Preshot holes are shown 
by dashed 1Ines; postshot holes by solld IInes. 
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Figure 6. Postshot caliper log data compared with preshot data In GB-2. 
The two logs In GB-2RS were run 35 hours apart, showlng con- 
siderable hole detertoration In thls interval. 
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Figure 7. Net change In porosity between GB-2RS and GB-2 data. The 
gamma logs merely serve to show the degree of formation cor- 
relation. 
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Figure 8. Comparison of pre- and postshot gas production data In holes 
GB-2 and GB-2RS. 
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Figure 9. Gas flow rates and bottom hole pressures during the 
November 1968 - February [969 flow tests. 
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Figure 10. Radionucl!de concentrations in the Gasbuggy chImney gas during 
the seven months following the detonation. Except for a two- 
day perlod In January 1968 during which 1.57 x 109 #t> of gas 
were withdrawn, the well was shut in. 
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Figure II. Variations In chemical composition for the seven-month period 
followlng the detonation. 
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Figure 12. Variations in the tritium and krypton-85 concentrations during 
the June-July 1968 flow tests when 57 x 10° ft> of gas were 
withdrawn. 
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Figure 13, Varlations In chemical composition for the June-July 1968 
flow tests. 
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Figure 14, Variations In the tritium and krypton-85 concentrations with 
flow rates during the November 1968-February 1969 test period. 
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Figure 15. Variation in chemical compositions with flow rates during 
the November |968-February 1969 test period. 
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Figure 16. Comparison of data from the field monitor with laboratory 
sample analysis. 
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QUESTIONS FOR FRED HOLZER 


From Don G. Jacobs: 


What measurements are being planned for the Rulison experiment to 
further elucidate the early changes in downhole chemistry following 
detonation? 


ANSWER: 


I'm in a ver, ,.vr position to answer that question and the reason 

| am is because the Los Alamos Scientific Laboratory is performing 
the device emplacement and measurements on the Rulison experiment. 

| must really plead ignorance here. |! am not able to answer this 
question, but | would point out to Dr. Jacobs that Dr. Aamodt of the 
Los Alamos Scientific Laboratory is attending this meeting and |'m 
sure that he can answer this question for you. 


From Alex Gre 


You stated that no cracking was observed to extend near to the level 
of the Ojo Alamo formation. How was this determined? Are cracks 
necessarily visible in extracted cores? Are enough holes sampled 
to warrant a categorical! assertion of "no cracking?" 


ANSWER: 


| think taking the last statement first, if | may, no there is no 
categorical reason to say that there is no cracking to the Ojo Alamo. 
One of the things that | believe would be very desirable here, to 
answer this specific question as well as other questions, is another 
hole--a virgin hole now if you will--drilled from the surface down 
to depths of perhaps 4500 to 4600 feet. And during this drilling, 
detailed hydrologic tests of the Alamo could and would be performed 
to measure pieziometric surfaces, in fact, to duplicate hydrologic 
tests that were performed in both of the pre-shot holes~-GB | and 

GB 2. |! think with respect to observance of fractures in cores, 
think that if they are observed in cores they are very distinctive-- 
they cannot be mistaken. However, one must realize, and | am sure 
everyone does, that a hole samples a rather smal! region of the 
world down there and it is conceivable that a particular hole may 
miss a particular fracture. This of course is a rather common 
experience and this in fact is the reason why two holes were 

drilled to be shot rather than one. Again, here you are caught in 

a continual trade-off argument of cost, effort versus information, 
which of course is not unique to Gasbuggy or Plowshare itself. 
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From Hoyt Whipple: 

Were any measurements of carbon-14 activity made on the gas? 
ANSWER: 

Yes, there were. |'m trying to recall a number and | may have to 
call on my good friend Dr. Smith to refresh it for me if he can. 
There is a very, very small amount of carbon-14 in the COg, that's 


what we have analyzed it, | pCi per cc roughly of carbon-14. About 
{/50th and (/t00th in methane versus CO. 
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ABSTRACT 


The technical problems to be solved in future uder- 
ground engineering experiments are of two kinds. One con- 
cerns adequate description of the variation of nuclear 
explosion effects with physical and chemieal properties of 
the explosion stte. The other concerns engineering of the 
explostve detonation system to nrovide adequate safety and 
security, cuncurrently with men.-rm total costs per ex- 
ploston. 


The semiempirical equations for explosion effects can 
be trusted only in the range of explosive energy, depth of 
burst, and rock type for which there is prior experience. 
Effects calculations based on the principles of continuwn 
mechanics and measurable geophysical properties appear to 
work in the few test cases, such as Gasbuggy, to which they 
have been applied. These calculational methods must be 
tested in a variety of situations. The relevance of dynamic 
and static measurements on Dragon Trail, Bronco, Rulison, 
Sloop, Ketch, and Pinedale to proving the methods are dis- 
cussed in this paper. 


The traditional methods of assembling and fielding 
nuclear explosives have evolved from practice at the Nevada 
Test Site. These provide great flextbility and assure maxi- 
mum recovery of all data from each test, thus minimizing the 
time required to achieve desired results. Timing and firing, 
radiation monitoring, explosives assembly and emplacement, 
expLosive performance, weather monitoring, and dynamic measure- 
ments of earth and building motion have all been handled 
traditionally as independent functions. To achieve lower 
costes in underground engineering experiments and projecta, 
one prototype system combining all electronic, measurement, 
and communication funetions is being built. Much further 
work will be required to complete this effort, including, 


*Work done under the auspices of the U. S. Atomic Energy Commission. 
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espectally, an examination of safety criteria and means for 
assuring operational and public safety at reduced costs. 


{INTRODUCTION 


The two preceding papers! +2 have established the application of 
nuclear explosions to underground engineering and summarized some of 
the results obtained from experiments already completed. From these 
papers it is apparent that the critical technical problem is accurate 
definition of the mechanical effects required for an application. 

In addition, the effects related to safety must be understood with 
sufficient precision to assure minimal risk to the public. Besides 
the experiments described by Holzer, there have been more than 200 
underground nuctear detonations which have yielded information useful 
in assessing underground engineering. These detonations have occurred 
in six different rock types and have ranged in yield from one to more 
than 1,000 kilotons, in depth from a few hundred feet to somewhat over 
4,000 feet. 


The most utititarian feature of the underground nuclear explosion 
as applied to engineering Is the combined region of cavity, chimney, and 
fracture zones. This region contains all! the potentially beneficial 
effects. Figure | is a stylized drawing representing the most important 
features. Briefly, it contains a spherical fractured zone--outside 
the cavity--whose permeability decreases in the outward direction as 
the zone grades off into undisturbed rock. The chimney is cylindrical 
with approximately hemispherical ends. I+ contains disaggregated, 
broken rubble which Is generally thought to be of high permeability. 

The lower hemisphere is lined, along its bottom, with a glassy material 
containing the bulk of the refractory radionuclides; this Is the remnant 
of the initial gas bubble blown in the rock by the explosion. These 
highly stylized views are subject to a number of limitations which 

will be discussed later. 


Nordyke | has discussed the first steps in improving systems for 
executing underground engineering experiments. These first steps 
involve integration of the arming, firing, monitoring, data collection, 
and on-site radiation documentation systems into a single unit. In 
addition, he has described the projects being considered for execution 
during the next few years. 


As can be seen, there are a number of safety-related issues to be 
considered along with the beneficial effects. It appears, at present, 
that product contamination and seismic motion, as it relates to archi- 
tectural damage, are the two key issues. 


In the remainder of this paper, an attempt is made to predict the 
direction the underground engineering program will take and to anticipate 
the key technical and safety problems. For simplicity, the discussion 
is divided into four parts: 
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e@Effects and product contamlnation. 
®Safety-related questions. 

@Systems-related questions. 

@Future experiments and anticipated results. 


EFFECTS OF NUCLEAR EXPLOSIONS 


The Explosion-Produced Cavity 


The slze of the nuclear explosion cavity is related to all of 
the desirable effects and Is a measure of selsmic potential. Therefore, 
cavity size prediction has been the subject of continuing effort since 
the beginning of the Plowshare program, Analysis of the first under- 
ground explosion, Ralnier, led to the suggestion of the first empirical 
relationship between the radius of the cavity produced in rock and the 
explos!ve energy. For explosions a few hundred meters deep, the 
approximation of the cavity radius, R, * 18 w!/3 meters (where W is 
the number of kl lotons of yleld), fit most of the explosions in tuff.3 
Later dimensional analysls necessitated Inclusion of the effect of 
overburden pressure, 4 which was tested successfully with field data 
and led to the equation?: 


Re = CW!/3/(ph)!/4 meters, 


where C Is a constant of proportionality, p Is density in g/cc and h is 
depth of burlal in meters. In this equation the value of the constant 

C was found to vary somewhat from one rock type to another, but was 
usually somewhere in the neighborhood of 70. This equation was found to 
be valid in five different rock types with the appropriate value of C. 


« 

The next attempt at refinement involved analysis of rock properties 
and the equation of state of the gas produced by vaporization of rock in 
order to allow prediction of the value of C and the exponent on the ph 
term. Higgins and Butkovich® used a thermodynamic approach which reduced 
the scatter on all of the data to +15% or better for depths up to about 
1,000 m. Heard and Ackerman’ had Similar or somewhat better success 
using the elastic constants of the medium. 


From the very beginning, in parallel! with the empirical efforts, 
attempts have been made to explain cavity growth and certain other 
features from first principles of physics and properties of the rock 
materials. NuckolIs? described the first partially successful calcu- 
lational attempt. Effort has been continuing in this area. Most recently, 
the successful prediction of the Gasbuggy chimney height and fracture 
radius® are ample testimony to the success of the method. 


When we attempt to extrapolate predictions of the cavity radius into 
a new material, therefore, we believe the geophysical! continuum mechanics 
calculation gives a reliable estimate. There appear to be no signifi- 
cant differences between cavity size predictions as made with the 
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empirical relationships and with the calculationa! method at depths of 
burlal up to a few hundred meters or so. But for greater depths of 
burial the predictions diverge serlously, as shown In Flgure 2. For 
example, at a depth of 5,000 m the cavity radius as predicted by the 
Boardman et al.> and HI ggins-Butkovich® equations Is 2.9 times that 
predicted by Rapp's calculations? using the equation of state of Lewis 
Shale. ThlIs discrepancy is extremely serlous when one considers that 
It represents more than a 20-fold disagreement in predicted volume of 
the cavity and, therefore, probably a similiar disagreement In predicted 
vold volume In the chimney. 


The Importance of testing the validity of these different methods 
of extrapolation to greater depths--and of obtaining measurements of 
cavity radi} at greater depths--cannot be overemphasized. If a 20-m- 
radius cavity were desired at a depth of 4,000 m, a yleld of 200 kt 
would be needed on the basis of the calculational prediction, as 
compared with a yield of only 25 kt on the basis of the empirical 
equation prediction. Whether one prediction method or the other is 
valid will make little difference for copper leaching and oll shale 
retorting, both of which seem to Involve shallower depths; however, 
for both gas stimulation and storage, the difference can be decisive 
in economic applicabl lity. The key future experiments In this regard 
are those In which adequate core samples, calculations, and cavity 
radius measurements are made. Project Ruilson and Pinedale or WASP 
would appear to offer the earliest opportunities for conflrmatory 
measurements of cavity radius for deep shots. However, the status of 
measurement programs for determination of these features is, as yet, 
unclear. 


Chimney Size 


Early experiments at the Nevada Test Site revealed that the cavity 
formed by explosions was unstable and collapsed. The height to which 
the collapse extended seemed to be dictated by the bulking ratio of 
the rock. The cavity volume was found distributed in the volds between 
rock fragments. Based on the assumption that the interparticulate void 
was conserved and on empirical observations, Boardman et al.? suggested 
that the height of the chimney was related linearty to the cavity 
radius, which can be represented by the equation R, = kh. Different 
values of k were derived for several media, ranging from 5 to 7. However, 
when the Handcar test was conducted In dolomite, the value of k observed 


was found to be only 3.1, and postshot drilling! disclosed a large 
apical void in the chimney. The mystery caused by the very smal | 
chimney remained unsolved until Cherry et al.!1 suggested that there 


was an amazing coincidence between the chimney height and the calculated 
radius of brittie failure of the rock. Table | shows the computed 
fracture radius and chimney height for several events, including Gas- 
buggy, computed from rock properties measured before the event. 


It is noteworthy that, in the Salmon shot, the rock (salt) was 
plastic at every pressure because the confining pressure due to the 
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weight of overlying rocks was above the brittle-ductile fatlure tran- 
sition pressure. Therefore, there was no brittle failure and no 
chimney. Thus, if this modet is correct, there is a depth at which 
the confining pressure will be high enough so that every rock wil! 
behave plastically, there will be no brittle failure and, therefore, 
no chimney. Analysis of Lewis Shale suggests that the depth below 
which there will be no chimney is between 4,000 and 5,000 m. A 
chimney and fracture system are believed necessary for recovery of 
petroleum from oi! shale, for copper leaching, and for gas stimulation. 
The chimney and fracture features would be of little importance for 
gas storage, since the cavity volume is the useful product, whether or 
not a chimney is formed. Key tests are possible on each one of the 
forthcoming proposed underground engineering experiments, provided 
there is sufficient effort expended to measure the preshot rock 
mechanics properties and postshot results. To date, effort sufficient 
only for the Lewis Shate study has been available. 


Chimney and Fracture Permeability 


The highly idealized chimney shown in Figure | suggests very 
simple relationships for permeability of various regions. Four 
attempts have been made to determine the permeability in the chimney 
and fracture areas. During postshot investigations on Rainier, 
Stead! attempted to determine the permeability between tunnels at 
two different elevations in the lower portion of the Rainier chimney. 
He was unable, with the test equipment available, to observe any flow 
of fluid through the chimney material. From this he concluded that 
the permeability may have been less than about | miltidarcy.. Crude 
attempts at measurement of the permeability in the fracture region 
were unsuccessful in distinguishing permeability changes from the 
preshot range of | milltidarcy or so. 


Boardman and Skrove, !3 working at the Hardhat site, found that 
there was a regular increase in permeability and microfractures in 
grains of minerals in the granite as the detonation point was approached, 
and that the permeability of the chimney region was very high, probably 
of the order of a million darcys. 


Rawson, Boardman, and Jaffe-Chazan!4 observed an increased zone 
of permeability induced by explosion fractures 46 to 105 m from the 
3.1=kt Gnome detonation in bedded sait. No quantitative estimates of 
the permeability were made. However, a few tens of millidarcys of 
permeability would explain the observations. In the same experiment, 
Coffer et al.!5 observed that permeability was increased in some samples 
of reservoir rocks grouted in holes and exposed to strong shocks during 
the detonation. In other samples, however, permeability was decreased. 


The Gasbuggy experiment allows some direct measurement of per- 
meability increase in the rock and of the permeability of the chimney 
region itself. At this time, however, the three-dimensional analysis of 
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flow data required for determination of these permeabilities has not 
been performed. The preshot analysis and one-dimensional! methods are 
incapable of distinguishing this type of variability. A crude 
qualitative analysis of the data indicates clearly that simple one- or 
even two-dimensional calculations, assuming constant-permeabi lity 
regions, are inadequate for interpretation and that the permeability 
of the chimney and fracture zone is not so high that it can be assumed 
infinitely large. 


Attempts have been made to calculate permeability of chimneys 
using the void fraction and particle size distribution.!© For the 
Hardhat chimney, a value of several megadarcys was inferred in this 
way, which is consistent with crude measurements. For the Handcar 
detonation, particle sizes inferred from photographs and an estimate 
of the void fraction also led to very high permeabilities. 


From al! of the above, it should be clear that permeability 
varies greatly from experiment to experiment and from rock type to 
rock type. Thus, oversimplified models can be grossly misleading. At 
this time, there is no evidence that a nuclear explosion in any new 
rock type will produce a region of increased permeability. The per- 
meability must be determined by some predictive model based on 
measurable rock properties. The work of Boardman and Skrove, ! coupled 
with calculational techniques of Cherry et al.,!7 shows promise of 
providing such a model. There are insufficient data at present to 
reach conclusions. 


It is also obvious that the permeability of the fractured 
region and chimney are critical in assessing feasibility of gas 
stimulation, copper leaching, and oi! shale retorting. For example, 
in in situ oil shale retorting the calculated cost of oi! recovered 
can vary by almost a factor of 2, depending on the pressure of air 
necessary to sustain in situ combustion.!8° This pressure depends 
directly on the permeability of the fractured chimney and region. In 
order to provide additional data, direct measurements of permeability 
in the fractured region produced during Dragon Trail, Rulsion, Pine- 
dale, Bronco, and Sloop are extremely desirable. 


Product Contamination 


Extensive studies of the Rainier chimney provide the idealized 
mode! for radioactivity distribution produced by an underground 
nuclear exptosion.> Figure | indicates the key regions. Precisely, 
there are three regions with which we are now concerned. The first is 
the lower cavity boundary where the thermally affected rock contains 
the bulk of refractory radioactivities. This region, composed of 
some 700 tons of rock per kiloton of yield, is highly contaminated 
and appears to contain, on the average, more than 90% of the radio- 
nuclides whose oxide or hydroxide boiling points are greater than about 
1,500° C. 
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The chimney region, our second region of concern, has distributed 
throughout It the radlonuctdies whlch are gaseous or were gaseous at 
the time the roof of the initial cavity collapsed. These radioactivities 
appear to be on the surfaces of the fragments of rock in the chimney and 
are present In dilute quantity. One detal led study!? indicates that the 
major contaminants In this region are cesium, antimony, and ruthenium. 
In granite, the medium of this test, It would appear that approximately 
half of the radioisotopes of these three elements are attached to about 
125,000 tons of rock per klloton of yield. There is presently IIttle 
quantitative information regarding the spatial distribution of the radio- 
activities, but gamma ray logs of drill! holes penetrating the chimney 
show some gradient of increased contamination from top to bottom. The 
volds between the fragments contain gaseous radioactivities of krypton, 
xenon, and Isotopes of hydrogen (such as tritium) in the form of water 
vapor, elemental hydrogen, and hydrocarbons. It has been found that 
tritium distributes Itself ubiquitously with environmental hydrogen so 
that the water Incorporated In the rock both as pore water and water of 
hydration Is contaminated rather unl formly. 


In the fractured region, our third region of concern, several 
studies» | 22 have Indicated that, at early times, the molten rock 
can be injected into the fractures as far as one cavity radius beyond 
the cavity boundary. This has the effect of blocking the fractures 
and creating zones of contamination beyond the initial cavity. 


When the idealized model is applied to a specific site, consider- 
ation must be made of the details of chemistry of that site. For 
example, In gas stimulation, where there is an abundance of elemental 
carbon and hydrocarbon around the detonation point, the hydrogen 
isotope distribution is affected. Table || shows the initial radio- 
activity found in the Gasbuggy chimney,2! where the ambient methane 
pressure was about 50 atm prior to detonation. These data indicate 
that about 25% of the tritium was in the organic phase and 75% in water. 


In a different environment--either a different gas reservoir or a 
completely different environment such as for copper leaching--grossly 
different distribution should be expected. Predictive models based 
on thermodynamics have been prepared and evaluated against the Test Site 
detonation$ and Gasbuggy.% Since the Test Site environment and Gasbuggy 
provide only two kinds of chemical environment, the range of experience 
is not adequate to determine the genera! validity of models. In fact, 
the preshot predictions of radioactivity distribution for Gasbuggy, 
based on Test Site information, were different from the observed 
distribution by several-fold. The importance of obtaining early 
radioactivity distribution in the gas phase from gas stimulation ex- 
periments cannot be overemphasized, therefore. 


The key questions besides gaseous distribution involve the 
solubility of the radioactivities both in the chimney and melt region 
and the behavior of tritium in the complex chemistry of oi | shale 
retorting. It would appear that the distribution of radioactivity in 
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storage application is less critical because the chimney-cavity region 
can be flushed and treated prior to insertion of the product to be 
stored. 


SAFETY-RELATED QUESTIONS 


Safety-related questions are separated from product contamination 
questions because they have to do with the local detonation environment 
at a specific time and place, rather than the broader questions which 
can result from product contamination. Dynamic venting of radio- 
activity, ground water contamination, and architectural damage from 
selsmic motion are the three areas Included as safety-related questions. 
Papers to be given later will cover these problems. 


SYSTEMS-RELATED DEVELOPMENTS 


The flrst nuclear explosives were detonated either to test the 
performance of the explosive itself or to determine the effects of the 
explosion on the ground surface environment. These effects included 
those of military concern as well as those useful for assessment of 
civil defense problems which might result from use of nuclear weapons, 
or from nuclear accidents. 


. Before 1962, the tests were conducted as “operations” tn which a 
series of experiments was performed in a relatively short time span, 
usually a few months. In order to accomplish these tests and to obtain 
both a maxImum amount of information and to assure success in each of 
the experiments, a pseudo-military project-execution program and 
system was evolved. In this system each project was executed under a 
technical leader, relatively independent from all other projects. 

The management and systems problem, therefore, was one of assuring 
proper Interfacing between projects, a minimum of project-to-project 
interference, and great flexibility from experiment to experiment. 
This system, for its prupose, has worked very wel! and continues to 
be used for weapons development purposes to this time. However, its 
ob jectives--speed and flexibility--are not consistent with the require- 
ments for underground engineering applications. The underground 
engineering experiments and applications require minimum cost and 
maximum safety. A complete overhaul of the nuclear operations system 
will be required if industrial applications of nuclear explosives 
become a reality. 


As a first step, an advanced fielding system has been designed, 
bullt, and is now undergoing extensive testing. Shown schematically in 
Figure 3, it combines the nuclear explosive firing and monitoring, 
experimental data recovery system, theteorologica! documentation, on- 
site radiation safety, ground-zero television coverage, and local 
communications functions. This system replaces, in each named case, 

@ previously completely independent system and eliminates a separate 
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timing system, thus reducing the personne! required to conduct a 
nuclear explosion. As experience is gained with such a system, one 

can envision the Control Point being moved farther and farther from the 
detonation point, until detonation centers estabiished for regions 
including one or more states could be maintained, carrying out many, 
many detonations from a single location. 


While this system is one step toward greater efficiency, 
additional simpter concepts must be applied to the off-site safety 
programs so that a regional, rather than an event-oriented, approach 
is taken. For example, Projects Rulison, Dragon Trail, and Bronco 
are separated by at most 60 miles. Yet as presently proposed, each 
has independent off-site safety programs. By contrast the Nevada 
Test Site, which occupies a comparable area, is treated as a single 
region for off-site safety programs. Such a unified approach to the 
off-site safety program should certainly be applicable to the Rulison/ 
Oragon Trai l/Bronco area as well. 


CONCLUS | ON 


In summary, any experiment in underground nuclear engineering 
must be evaluated in terms of those results which bear on proposed 
applications from the standpoint of scientific, engineering, and 
safety requirements. These are cavity radius, R,; chimney height, Hop; 
chimney permeability, K.,; product contamination; dynamic venting; 
ground water contamination; seismic structural damage; and fielding 
systems development. Table I!| shows which of these measurements or 
investigations will be made on upcoming Plowshare experiments, in the 
author's viewpoint. The experimental plans are not yet fixed, however, 
and are still flexible and subject to change. 


As these experiments are undertaken, there will be opportunity to 
extend understanding by a significant amount. Obtaining the information 
will be critical for determining whether or not any one or all of the 
proposed underground engineering applications of nuclear explosives are 
technically feasible. Since explosion effects depend so strongly on 
medium properties, broad generalizations must be carefully avoided and 
each site and geologic formation must be individually evaluated. 
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TABLE |. Fracture radius and chimney height. 


Computed Observed 

Event Medium fracture radius chimney height 

(m) (m) 
Handcar Dolomite 80 68 
Hardhat Granite 97 85 
Salmon Hall te ~0 ~O 
Gasbuggy Shale-sands tone 120 100 

TABLE ||. Radtonculldes In Gasbuggy cavity gases. 

Product Concentration, uc /#t> 
85Kr 2.8 
HT 91 
CH3T 8.9 
C2H5T 0.45 
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TABLE II|. Tentative plans for upcoming Plowshare experiments. 


Measurements or investigations to be made: 


Product Dynamic Ground Seis. 


Event Ro Hon Kech = contam. venting water dam. 


Rufison No? Yes No No Yes No Yes 
{Early 
1969) 


Dragon 
Trail Yes Yes Yes Yes Yes No@ No# 
(Late 
1969) 


Bronco Yes Yes Yes Yes Yes No@ Yes 
(1970?) 


Ketch Yes Yes Yes Yes Yes No@ ? 
(1970?) 


Sloop No Yes Yes Yes Yes? No@ Yes 
(1970?) 


Pinedale- 


WASP ? ? ? ? Yes ? Yes 
(1972?) 


a A 
No exposure, so no test data for evaluation. 
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Fig. 3 Schematic concept of a simplified explosion fielding system. 
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SAFETY PHILOSOPHY IN PLOWSHARE 


Robert H. Thalgott 
Nevada Operations Office 
U. S. Atomic Energy Commission 


ABSTRACT 


A nuclear device can be detonated safely when 
it can be ascertained that the detonation can be 
accomplished without injury to people, either di- 
rectly or indirectly, and without unacceptable dam- 
age to the ecological syatem and natural or man 
made structures, 


Thia philosophy hae ite ortgin in the nuclear 
weapons teating program dating back to the firat 
detonation in 1945 and applies without reservation 
to Plowshare projects. 


Thie paper therefore will outline the mechanics 
employed by government in implementing thie safety 
philosophy. The talk will describe those types of 
actions taken by safety oriented organiaatione and 
committees to assure that necessary and destrable 
safety reviews are conducted. 


ce i i 2 


The Atomic Energy Commission is responsible for public 
safety for all U. S. nuclear detonations. Within the Con- 
tinental United States, the Commission implements this re- 
sponsibility through its. Nevada Operations Office. The AEC's 
philosophy is to avoid any unnecessary risks, this necessi- 
tates evaluation of proposed operations to identify possible 
problems, taking such measures as are necessary to protect 
people and minimize damage to property. Although the title 
of this presentation is "Safety Philosophy for Plowshare" 
the same policy and safety procedures apply to all of our 
nuclear operations. 


; The Nevada Operations Office conducts those studies and 
reviews which are necessary to reliably predict the effects 

of nuclear detonations which may affect the safety of people 
and property. You will hear about some of these studies and 
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prediction activities later in this program. We do not con- 
sider ourselves infallible in defining safety problems or 

at arriving at credible and practical solutions to these 
problems. For this reason recognized experts in the perti- 
nent scientific disciplines are consulted. These disciplines 
include but are not limited to: health physics, radiobiology, 
seismology, hydrology, geology, structural effect from ground 
motion, and rock mechanics. 


This continuing effort on the part of NVOO, its contrac- 
tors, and consultants, has permitted the programs - involv- 
ing nuclear detonation both as a part of the weapons program 
and Plowshare - to go forward essentially without injury to 
the public or damage to property. I mentioned the efforts 
of the Nevada Operations Office and its contractors, but 
would be remiss not to include the efforts of the AEC's 
Scientific Laboratories and other Governmental Agencies 
which have contributed so much to our safety program. 


Preparation for the safe conduct of an event is based 
upon prediction of the effects of the maximum credible ac- 
cident which could befall that event. Necessary steps are 
taken as indicated by the predictions to ensure that NO limits 
or guides are exceeded. Precautionary measures are taken 
to ensure that public safety will be protected, should an 
accident materialize. NVOO measures and documents the actual 
effects in order to take emergency action to protect life 
and property, if necessary, and to accurately identify the 
effects to improve the accuracy of the predictive effort for 
future tests. 


There are two very important aspects to the predictive 
and measurement efforts. First, in order to successfully 
carry on tests, the neighboring population outside the Test 
Site must be protected from injury. The people must also 
be adequately informed. Only by dependable predictions can 
this be done satisfactorily. Good public relations with these 
people means informing them of possible effects of the event 
prior to its execution and having that information as accurate 
as possible. 


The second very important function of the measurement 
effort is to be able to form a firm basis for settlement of 
valid damage claims and to protect the Government against 
invalid claims. We must ensure that every effort is made 
to obtain correct measurements and that these measurements 
are properly interpreted and made accessible to the public 
and interested organizations. ‘It is important that the 
people and interested organizations not only be assured that 
all steps are taken for protecting the public, but also that 
they be made aware of the extent and nature of this effort. 
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Prior to any nuclear detonation there are a series of 
reviews to ensure that the detonations are conducted safely 
and within the constraints of the Limited Test Ban Treaty. 

To achieve the safety in nuclear testing that we desire, a 
system for review and approval was developed. Slide No. 1 
illustrates this system. All nuclear tests do not necessarily 
involve all of the individual steps depicted; however, unusual 
tests do receive reviews from the entire system. Slide No. 2 
shows a listing of various safety review organizations. 


The sponsoring laboratory performs safety evaluations 
related to nuclear systems safety, that is, procedures asso- 
ciated with assembly of the device, transportation, and em- 
placement as well as the detonation system. These nuclear 
safety procedures are later independently reviewed by a group 
of knowledgeable persons (nuclear safety survey group or nu- 
clear safety study group) and when appropriate, recommendations 
are made to improve or assure safe assembly, transportation, 
etc. These study groups are comprised of individuals from 
different organizations, and as a composite group have a 
thorough understanding of the nuclear device and associated 
systems. The stated objective of this review program is to 
prevent an accidental or unauthorized nuclear detonation. 


For contained underground detonations, the sponsoring 
laboratory independently evaluates and assesses those man- 
made and natural mechanisms which influence containment of 
the planned explosion. Each event is then reviewed several 
times by a Test Evaluation Panel composed of individuals with 
considerable experience in nuclear testing. The organiza- 
tions furnishing such individuals are the Los Alamos Scien- 
tific Laboratory, Lawrence Radiation Laboratory, Sandia 
Laboratory, Department of Defense, Air Resources Laboratory- 
Las Vegas, U. S. Public Health Service, AEC, and independent 
consultants. Every aspect of the event which might affect 
containment is reviewed by this Panel several times as prep- 
arations for the event are made. A detailed study of the 
geological features around the shot point is made by the 
U. S. Geological Survey and presented to the Panel. If there 
are indications of possible faults or other geologic anomalies 
which may affect containment, new shot points are recommended 
by the U. S. Geological Survey. Additional geological infor- 
mation is also obtained by the U. S. Geological Survey from 
satellite holes drilled to accommodate instrumentation around 
the emplacement hole. A careful study is made of the drilling, 
casing, and grouting history of each of the emplacement and 
satellite holes to ensure that there will be no man-made path 
to the surface. If there are indications that grouting and 
casing have left voids, corrective measures are taken and the 
hole is abandoned. 
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The proposed stemming plan (that is, the method to be 
used for filling the emplacement and the instrument holes) 
is reviewed by the Test Evaluation Panel. If there are doubts 
as to the capability of the stemming material to contain 
radioactivity, then apprepriate changes are made in the stem- 
ming plan. The stemming may range from alternate layers of 
pea gravel and fine sand to complete cementing of the entire 
length of the hole, depending upon the shot, media and the 
location. The same type of review is made to assure contain- 
ment of a test to be made in a tunnel instead of a drilled 
hole. Even though these reviews are made and every possible 
precaution has been taken to ensure that no radioactivity 
will reach the surface, preparations for detonation of the 
device assume that the maximum credible release of radio- 
activity will occur. 


AEC Headquarters staff, and finally the Commission, re- 
views the safety of each event, and if they are satisfied, 
grant authority for its execution. For detonations where 
it is anticipated some radioactivity will be released to the 
atmosphere, such as for cratering experiments, a somewhat 
similar review is made of the factors which will affect the 
quantity and nature of the release, including a review of 
the Laboratory's predictions on the effects of the experiment. 


In all cases, regardless of whether the detonation is 
anticipated to be contained or to vent to the atmosphere, 
plans are made and steps taken to keep radiation exposures 
within acceptable levels either by evacuation or asking 
people to take cover. 


The U. S. Public Health Service places off-site radia- 
tion monitors in the downwind direction in order that we may 
get full documentation and take corrective action if there 
is an accidental release. Mr. John R. McBride of the U. S. 
Public Health Service will describe this in his paper. 


The Test Manager has established an Advisory Panel made 
up of specialists in meteorology, radiation, and medicine 
to advise him as to the hazards to be expected from each event. 
Other disciplines are added to the Panel as conditions warrant. 
The Panel is chaired by a scientific advisor who is familiar 
with the nuclear device, timing and firing systems, and pro- 
gram objective. 


Although the Test Manager's Advisory Panel may meet 
several times, months in advance, to discuss specific prob- 
lems on difficult or unusual shots, the Panel always meets 
the day before the detonation to hold a readiness briefing 
in which the control plans are reviewed. A complete weather 
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picture with predictions for shot time meteorological con- 
ditions is given and review made of the preparation for on- 
site and off-site population control. If it is determined 
that, with the maximum credible accident, the test can be 
safely carried out, recommendation is made to the Test Manager 
to proceed with the detonation. The Test Manager's Advisory 
Panel also reviews the last minute preparation to ensure that 
the recommendations of the Test Evaluation Panel have been, 

in fact, carried out in the field. 


Complete field preparations are made to document even 
the smallest release of radioactivity. A system of remote 
reading monitoring instruments is installed around ground 
zero and in most cases a remote reading instrument is in the 
emplacement hole; there is also a ring of air samplers around 
the ground zero site. We have in the air at shot time at 
least two airplanes - one equipped with monitoring instruments, 
the other with sampling equipment. Should there be a release 
of radioactivity, the monitoring plane makes passes over ground 
zero and through the radioactive cloud and then keeps track 
of the leading edge of the cloud. The sampling plane comes 
in through the cloud and takes samples. These samples are 
immediately brought back to the Southwestern Radiological 
Health Laboratory for analysis so that we know exactly what 
radionuclides are present. 


Two additional monitoring planes are also utilized as 
necessary. These planes are equipped with extremely sensi- 
tive detection instruments and with proper equipment aboard 
to constantly analyze the radioactivity picked up by the 
detectors. This then provides us with immediate and contin- 
uing knowledge of the cloud's contents. The sensitivity of 
these instruments is such that they can detect changes from 
natural radon concentrations and are able to discriminate 
between the debris in the cloud and the natural radioactivity. 
The tracking effort of these planes is used to position ground 
monitors in areas which may have been or will be affected. 


As you perhaps know, testing has been carried out at the 
Nevada Test Site for 17 years - underground detonations for 
about 11 years. We maintain three or more camp sites con- 
stantly. The largest of these is Mercury. There are also 
camps in the forward area, one near the Control Point, and 
one at Area 12. The population at these camps may vary from 
$00 to 2,500 people. Although this relatively large number 
of people live and work within a few miles of the ground zero 
of even the largest yield tests, there has never been an in- 
jury among them as a direct result of a detonation. 


We are constantly striving to improve the accuracy of 
our prediction capabilities in all areas, and have made much 
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progress. We also have come a long way in devising techniques 
to assure the containment of radioactivity during shot and 
post-shot related activities. This progress in prediction 
capability and containment techniques was necessitated by the 
increased complexity of experiments. In the last analysis 

all those involved in the test program recognize the potential 
hazards involved. Therefore, we rely on a proven system based 
upon taking those actions necessary to protect against the 
effects of the maximum credible accident. 
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QUESTIONS FOR ROBERT THALGOTT 


From Donald E. Barber: 


Why is some information concerning Plowshare Programs classified? It is 
not obvious how national security is at risk. 


ANSWER: 


So far as | know, the only things that are classified about Plowshare, 
the Plowshare Program, are these aspects of the device itself which may 
be classified. The rest of it is completely open. 


From G. H. Cruelers: 


How is a maximum credible accident defined especially when it is known 
that the stemming was designed to completely contain the products? 


ANSWER: 


| think this will be touched on in some other talks, but let me briefly 
go through a series of things that gets us to where we operate. The 
first is all of our detonations are determined in yield or listed in 
yleld as a design yield and a maximum yield. One of the laboratory 
people can do this much better than |, but essentially the maximum 
credible yield is a calculated yield based on the best possible burn 
efficiencies and so forth. We operate then not from what we expect 
the device to produce, but this maximum number which gives us one 
maximum. As far as a release of radioactivity goes, unless we have a 
great deal of experience in identical geological media and the same lo- 
cation, we go back to a model developed from measurements of an actual 
venting which was a surprise to us. More or less arbitrarily we've 
stayed with that. When we are faced with problems which this does not 
cover, then we dip into somebody's mind and try to envision the worst 
possible case and develop a model from that. In the case of the up- 
coming Rulison Project, we will operate both models - one for shot time 
and one for the possibility of delayed venting. I'm not sure that 
answered it, but that's about the best | can do. 


From R, L. Long: 


Are the assumed maximum credible accidents as unrealistic as many of 
those assumed for nuclear reactor analyses? 


ANSWER: 


! am not familiar with nuclear reactor analyses. | will say agaln what 
| stated before. We and the people who preceded us in the testing 
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business have tested for I7 years and the underground testing for 11 
years without injury to people and we've done it on the basis that 
if we are surprised, we will hurt no one. | don't know how you can 
hang do!}ars and cents on this. If the Plowshare Industria! Program 
advances and we have the experience in the field, rather than a sin- 
gle shot in a new location with unknown effects, then we probably 
can back off from this. But as long as you have a single shot ina 
single location, new people, new systems, then as long as !'m Test 
Manager, we will be able to take care of the worst possible accident 
that anyone can conceive. : 


From R. C. Pendleton: 


If all people downwind are informed of hazards, why have the people 
of Utah not been given this consideration? 


ANSWER: 


| think | can repeat what you already know, that we do not execute an 
event either underground or Plowshare if anyone in our system feels 
that there is an actual safety hazard. When we do have an unexpected 
venting, or when we have a Plowshare experiment, as soon as we know the 
content of that cloud, the approximate concentrations of activity in 
the cloud, and what we expect on the ground, through the Southwestern 
Radiological Health Laboratory, the State Department of Public Health 
in Utah is notified where we expect the cloud to go, what we expect 
to see in the cloud and what we expect on the ground. So through 
that method at least we thought we were notifying the people in Utah 
of what happened. 


From Walt Kozlowski: 


You spoke of unnecessary risks, would you please teal! us what you would 
consider necessary risks? 


ANSWER: 


Any time you deal with explosives or almost any mechanical contrivance 
there is some risk. There Is a rlsk in walking across the street, 
there is even a risk in getting out of bed. | consider those risks 
unnecessary where we are aware of the problem and fail to take care of 
it. We do not shoot any nuclear detonation under circumstances where 
we are aware of problems and have no sofutions. 


From J. E. Wallen: 


Geological studies are made to study the effects of the detonation on 
the geology of the area. Why do you not make studies of the total 
effects of the detonation on the biology of the area? Why do you study 
only radioactivity effects on man and only radiobiology? 
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ANSWER: 


This question, | guess, Is really In two parts, and | am afrald that we 
have fallen Into a trap by not describing more fully our program. Later, 
| think, In this program there will be a discussion of ecological studies 
where we are doling total blological studles In several areas where we 

had no previous experlance. Again the same problem with radioblology 
when, In fact, we are studying blology or the blological environment 

and then applying those factors to it which will give us concern be- 
cause of radlonucltdes which may be released. 


From Dr. Tom Rozzell: 


Please give more Information on the camps at the NTS - what type of 
people, etc, 


ANSWER: 


The camps are located at the south edge of the Test Site, the middle 
polnt and the northernmost polnt. They are established mainly for 
economical reasons - It Is cheaper for the people to stay there and 
work than to bring them back and forth to town. The highest percen- 
tage of the population of the Area |2 camp, which Is the northernmost 
camp, Is craftsmen. Probably more miners than any other craft because 
that Is the area In which we do mining. Thls camp population runs 
usually about 800 people. The Area 6 camp In the center of the Test 
Site agaln {s mainly occupled by craftsmen and this will pretty well 
run the gamut since these people work In the so called Yucca Flats area 
and It Is quite conventent to them. The Mercury facility Is the 
largest one. | thlnk we can house around 3,000 people there. This 
camp Is populated by a mixture of crafts, professional people and tech- 
niclans with, | suspect, a higher percentage of the scientific types 
than any other type of people. | might point out one fact. All of 

our water for construction and our potable water comes from water wells 
on the site. The towmof Mercury draws Its drinking water from what Is 
known as Well 5 which, aqui ferous speaking, 1s downstream about I-!/2 
miles from a shot, an underground detonation, that was fired there a 
couple of years ago very close to the water table in that area and In 
no well have we seen radioactivity. The only place we've found radlo- 
activity In water Is when we drill back In the shot polnts looking for 
tt. 
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ABSTRACT 


The quantity k is defined as the fraction of a nuclide 
tn the environment which must be ingested each day over a 
given time period to receive a maximum allowable dose, in 
accordance with the International Commission on Radiological 
Protection guidelines. Values of k were computed for radio- 
nuclides produced in a single cratering detonation using 
current design technology. A new concept, called the "Mass 
Extraction Rate," ie presented. This concept is defined as 
the mase of earth material from which the entire quantity 
of the radionuclide must be extracted and ingested each day 
by some natural process over a given time interval, which 
resulte in a permissible dose. Mass Extraction Rate values 
are tabulated. A comparison is made between the Mass 
Extraction Rate and the specific activity methods. 


INTRODUCTION 


In a report of an LRL study In 1966 (Ref. 1), James and | developed 
a set of general equations from which individual doses from and the rela- 
tive significance of radionuclides could be calculated. A table of 
values resulted, showing (1!) k, the fraction of a nuclide that must be 
ingested each day over any time interval to receive a maximum allowable 
dose In accordance with International Commission on Radtological 
Protection (ICRP) guides, and (2) qo, the disintegration rate of the 
nuclide at t = 0. In our calculations we assumed that neIther physical 
dilution nor blological concentration processes operate, that the radlo- 
nuclide is always completely blologically avallable, and that there Is 
no Influence by the presence of the stable element. We further assumed 
that ingestlon begins two months after the last detonation (for the case 
of an Isthmian canal) and continues for 50 years. In this paper the same 
assumptions apply, except that the time intervals over which Ingestion 
Is calculated are different. Whereas In our previous study the calcu- 
lated values of qg and k were made'for a detonation plan Involving four- 
teen separate detonations over two years and 294 explosives of varying 
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ylelds, the present set of values Involves a sIngle detonation of 

170-kt total yield and a quite different explosive design. These 
differences alter the values of k and therefore the relative signi f- 
icance Index. Although separate values of k and of qq, are classified 
and cannot be presented here, the product kqg In pCl/day is unclas~ 
sified and can be computed by anyone who pouceeses the ICRP Committee 11 
report (Ref. 2). 


THE GENERAL EQUATIONS 


A certain fraction of each nuclide existing in the environment 
will be ingested each day. Because of dilution and concentration fac- 
tors, this fraction will, In generat, be a function of time. In Ref. I, 
we assumed this fraction per day to be a constant k. 


The general equations applicable to the critical organs other than 
those of the GI tract are: 


51X10"? ekfag fort Arta Fett “rete 
eo | 5+ -€ a fora, fA, (1) 
- r e 
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where 
D = dose (rem), 
€ = effective energy (MeV) =ZEF (RBE)n (Table 5 or 5A of Ref. 2), 
k = fraction of a nuclide existing In the environment ingested per 
day, 
fy = fraction of the amount of nuclide ingested, which reaches the 
critical organ, 
qo = disintegration rate of nuciide at t = O(pCi), 
m = mass of organ (g), 
Ae = effective decay constant in the critical organ (day), 
Ar = radioactive decay constant (day —!). 


tn Equations (1!) and (la) and tn the equations which follow, t = 0 
when Ingestion begins; tj to to Is the time interval over which the dose 
to the critical organ is calculated; q = qq when t = 0. (When the criti- 
cal organ 1s not part of the GI tract, it fs assumed that there is no 
significant time interval between een of the nuclide and entrance 
Into the critical organ.) 


The general equation that applies to the critical organs=that are 
part of the Gl tract is 
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r 
where 

t(days) = the time interval the materJa] remains in the critical 

organ of the tract as given In Table II of Ref. 2, 
tz(days) = the time between Ingestion and entrance into the crIti- 


cal organ of the tract; viz., tz = 0 for stomach, 1/24 
for small intestine, 5/24 for upper large intestine, 
and 13/24 for lower large intestine. 


tn using Equations (1), and (la), and (2), t| wlll be taken as 
zero, I.e., the time of ingestion. The fact that radioactlve decay 
takes place between ingestion and arrival of the nuclide at the criti- 
cal organ of the tract (except for the stomach) is accounted for by 
the first exponential. 


Applying the appropriate values from Tables 8 and !| of Ref. 2, 
the equations then become: 


Stomach (S) 
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Small Intestine (SI) 
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vr 
Upper Large Intestine (ULI) ‘ 
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r 
Lower Large Intestine (LLt) so 
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r 


No significant error ts introduced by Ignoring the first exponential 
in Equations (4), (5), and (6), provided the radioactive half-life, T 


r? 
Is long enough. The following table shows such errors: 
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SI ULI LLI 


The calculated value of D wit! 


T. be too large by a factor of: 
1/4 day 1.12 1.8 4.5 
1/2 day 1.06 1.3 2.1 
| day 1.03 1.16 15 
2 days 1.01 1,08 1.2 
4 days 1.01 1.03 1.10 


If the allowable dose to the critical organ in a t!me period t) 
to tg Is substituted for D In Equations (3) through (6), It Is pos- 
sible to calculate the fraction, k, of qq which must be ingested per 
day each day from t = 0 to tz for the delivered dose to equal the 
allowable dose. The lower the value of k, the less may be ingested, 
and therefore the more hazardous the nuclide. Used In thts way, then, 
k has a physical meaning. Also, by comparing one k value with another, 
the most Important nuclide, under a given set of assumptions, can be 
determined at a glance. 


The value of k changes with the dose criterion and time period 
used for the allowable dose. For example, If a nuclide has a half- 
life of one week, then 0.0033 rem delivered tn the first week Is more 
restrictive (glves a lower value of k) than if the criterfon of 0.17 
rem delivered In the first year is used. For example, where the criti- 
cal organ Is the LLI, k can be several orders of magnitude lower if the 
period zero to one week Is used rather than zero to one year. On the 
other hand, for a nuclide with a long half-life, which !s accumulated 
slowly (I[ke strontium-90), a short time period gives a less restrictive 
k value. 


Because of these effects, any {ist of k values must clearly indi- 
cate both the dose criteria and the time period, +; to to. 


The phystcal and blological parameters used In the calculations 
are given in Appendix A. The annual permissible dose vatues used to 
calculate k are: 


Organ D (rem/year) 
Total body, gonads 0.17 
SkIn, bone 3 
All others 1.5 


With the aquatic system In mind, it is assumed here that ingestion 
begins one week after detonation. It Is difficult to Imagine ingestion 
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by a slzable portion of the population beginning sooner, except via 
the ml lk pathway. 


in cases where a parent nuclide decays to a shorter-IIved daughter, 
the contribution to the dose by the daughter Is Included. Where the 
daughter Is longer IIved, each nuclide is calculated separately. 


For a given nuclide, where there Is more than one critical organ 
shown In bold face type In Ref. 2, each case was calculated. In every 
Instance, the first case |isted proved to be the most hazardous and 
Is the only one Included here. 


MASS EXTRACTION RATES 


lf we know the total mass of earth materia! (fallback, ejecta, 
and fallout) with which a radionuclide is mixed, we can compute the 
Mass Extraction Rate, MER. MER Is defined as the mass of earth ma- 
terlal from which the entire quantity of the radionuclide In that 
mass must be extracted and Ingested each day, by some natural pro- 
cess, over a given time Interval, resulting In a permissible dose. 
This 1s done simply by multiplying the fractlon per day, k, by the 
total mass of earth material, M, and Is known as the Mass Extractlon 
Rate: 


MER (g/day) = k (day! 


» M(g), 

The total mass of earth material Is computed by first deter- 
mining the fraction of the total radioactivity produced per gram of 
fallout or fallback In the most hlghly concentrated samples, then 
taking the reciprocal. In such samples, refractory and volatile 
particulates do not differ In their fraction-per-gram values by more 
than +504, Using the most highly concentrated samples gives the 
lowest value of M and, therefore, the lowest values of MER. 


Assuming the crater dimensions scale as yleld raised to the 
1/(3.4) power (Ref. 3), the mass of earth material with which the 
radioactivity Is mixed scales as the yield raised to the 3/3.4 power, 
or 0.88. Then the fraction per gram for a |70-kt crater is 


0.88 
+5 = 0.63 


times that for a 100-kt crater. That Is, the total mass of earth ma- 
teria! with which the nuclides from a 170-kt crater is mixed Is 1.6 
times that from a |00-kt crater. 


Tritium is a special case because it !s not particulate. In 
cratering events, virtually all tritium appears as HTO, and Is more 
unlformty mixed with the total mass of earth moved than are particu- 
lates. Figure | Iltustrates that the mass concentration of tritium 
In fallback is essentially constant from the bottom of the apparent 
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crater down to the working point 315 feet below. Figure 2 (taken In 
part from Ref. 4) shows the decrease in tritium concentration with 
distance from surface zero. The highest concentrations are found 

In fallback. 


Using appropriate M values for particulates and tritium, MER 
values were computed for all nuclides. (See Tables | through III.) 
Nuclides having MER values greater than 2000 g/day have been excluded. 
Also, values of MER were computed for three different time intervais. 


Table | lists values of MER where ts equals the time required to ob- 
tain 99% of the dose at the permissfble annual dose rates. Table I| 
lists values of MER where tg equals one year, and Table III lists MER 


values where ty equals 30 years. 


Interpretation of MER Values 


Using 12.4 day thalfium-202 as an example, Table | indicates that 
lf an individual, by some natural process, managed to extract and in- 
gest each day 100% of the thallium-202 contained in 14 grams of the most 
concentrated fallout, he would receive 0.334 rem to the LLI, and he 
would receive that dose in the first 82 days after beginning ingestion. 
Further, 0.334 rem is 99% of the dose he could ever receive from 
thal lium-202 regardless of how much longer he ingests at that MER. 
Also, 0.334 rem in 82 days is the permissible annual dose rate of 1.5 
rem/year (not necessarily the permissible dose rate in 82 days). 

Table || indicates that at a MER of 60 g/day, he would receive |.5 

rem to the LLI durtng the first year. However, he would again receive 
1.485 rem (99%) In the first 82 days, or at an annual rate of 6.6 
rem/year for the 82 days, and about 0.015 rem in the remalning 283 
days. At a MER of 60 g/day he would receive 0.48 rem In the first 
week after ingestion begins. Table II! shows that at a MER of 1800 
g/day he would receive |.5 rem/year x 30 years = 45 rem in 30 years. 
However, he would receive 44.5 rem in the first 82 days. 


On the other hand, using 27.8-year strontium-90 as an example, 
Table | shows that at a MER of 1100 g/day, the individual would re- 
celve three rem to the bone during the first year. (Table II did not 
include strontium-90 because 128 years are required to receive 99% 
of the dose at a constant MER.) Table III Indicates that a MER of 
only 180 g/day are required to receive three rem/year x 30 = 90 rem 
to the bone over 30 years. At a MER of 180 g/day, a dose of only 0.5 
rem to the bone is received during the first year. The reason is that 
strontium-90 has a long, effective half-life in the bone; viz., 17% 
years. 


The Terrestrial Environment 


What is a reasonable maximum value of a MER in the terrestrial environ- 
ment? The U.S. Public Health Service reports data on institutional 
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total diets of children (9-12 years of age) during April-June 1968 
{Ref. 5). Samples of the edible portion of the diet for a ful! week 
{21 meals plus soft drinks, candy bars, or other in-between snacks-- 
drinking water excluded) were collected and analyzed. Twenty-one 
states are represented, covering all sections of the nation, including 


Alaska and Hawali. Potassium intake was measured, with a low value of 
0.8 g/day in Louisville, Kentucky, in June, and high value of 4.2 g/day 
In St. Louis, Missouri, in May. The institutional average for all loca- 


tions and months was 2.7 g/day.* Since typical soils contain about 
24 W/% potassium, the Intake of the biologically available potassium 
must have resulted from actual extraction rate of about !00 grams of 
soil per day. Virtually all of this potassium must have come terres- 
trially, because the sea contains a low concentration of potassium 
(380 ppm), and sea animals do not concentrate potassium in their 
muscle by more than about an order of magnitude. So, for the terres~ 
trial environment, an actual extraction rate of !00 g/day would appear 
to be a reasonable overall value for elements completely and rapidly 
avatlable from fallout to man's food via the soll-root pathway. MER 
values larger than 100 g/day would result in doses proportionately 
smaller than permissible doses. 


Harley (Ref. 6) reports that the natural uranium in the terres- 
trial diets of San Francisco residents in 1966 was 413 ug/year. Uranium 
is ubiquitous {n nature and is found to be present at about 3 ppm. Then 
the actual extraction rate for uranium is 0.38 g/day, compared to 100 
g/day for potassium. So for most elements, the actual extraction rates 
will be appreciably lower than 100 g/day. 


Using one week after the detonation for Initial ingestion Is much 
too conservative for the soil-root pathway. With the exceptions of 
tritium, tungsten-18| and tungsten-185, the MER values of each nuclide 
In Tables | through II1 increase to 100 g/day or greater if 51 days after 
detonation is taken as the start of ingestion. Thlis Is caused simply 
by radioactive decay. The time from detonation to onset of ingestion 
required to raise MER values to 100 g/day Is shown in Table IV for each 
nuclide. 


The Aquatic Environment 


Most elements are concentrated, some by large factors, by aquatic 
food chains. The ratio of the mass of element per mass of edible portions 
of aquatic food to the mass of element per mass of water ranges from less 
than one (e.g., Cl, Ref. 7) to as much as 109 (e.g-, Cd). Therefore, the 
aquatic pathway is potentially more hazardous than the soll-root pathway. 
Concentration factors are important when the specific activity method Is 


Incidentally, thts potassium intake results In a potassium-40 intake 
of 2200 pCi/day, and an annual dose of 0.060 rem to a child's total 
body, or about one-third of the iCRP permissible dose. 
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used to estimate hazards from radloactivity in aquatic foods. The 
specific activity principle was first developed by a Working Group 
of the Committee on Oceanography of the NAS-NRC (Ref. 8). In thelr 
report, this principle ts stated: "...if the specific activities 
(that Is, the radioactive proportions of the elements) of the cheml- 
cal elements In the sea In the environment of human food organ! sms 
are maintained below the allowable specific activities for those 
elements jn the human body or human food, no person can obtaln more 
than an allowable amount of radtoactIivity from the sea, regardless 
of hIs habits." In the Maximum Extraction Rate concept, specific 
activities are not used, and as stated before, it Is assumed that 
there Is no Influence by the stable element. In fact, the specific 
activity could be Infinite (l.e., no stable element or carrier ele- 
ment present). It Is still essential that extraction and Ingestion 
of a radionuctide from a certain quantity of fallout occur each day 
to recelve the maximum dose, Independent of specific activity. This 
Is no criticism of the specific activity method. The two concepts 
complement each other. It might be possible to show that, for 
nuclides with low MER values, the specific activity Is In fact lower 
than the maxImum permissible specific activity. Conversly, where 
the MPSA Is exceeded, MER values might be Inordinately high. 


Also, concentration factors do not apply In the MER concept. 
For example, the MER for mercury-203 Is 58 g/day giving |.5 rem to 
the kidney durtng the first year. Let's assume that oysters concen- 
trate mercury by a factor of 10°, and that six oysters are eaten 
each day during the year. For a kidney dose of 1.5 rem, each group 
of six oysters must extract the mercury-203 from 58 grams of fallout 
per day, not 58 x 1075 g/day. The MER value remains fixed regardless 
of the concentration factor. 


Tritium 


Let us assupe Letpunsky's often quoted value for tritium produc- 
tion of 6.7_x 10° per kt of fusion. The MPC, for the general popula- 
tlon Is 1073 uCt/cc. Therefore, |.1 x 1ol6 @ cc of water (a body of 
water 80 feet deep and 7.6 miles In radius) is required to dilute all 
of the tritium to MPC,. It Is assumed that all the tritium produced 
Is tmmedtately present and available in the aquatic system and that 
this body of water is never mixed with other water. 


However, tritium decays with a 12.26-year half-life, so that to 
recelve 0.17 x 30 = 5.1! rem In 30 years would require a body of water 
80 feet deep with a 4.l-mile radlus, and it is assumed that man is in 
equillbrtum with thls body of water only. 


tn a harbor or canal appticatlon, for example, a sma!l fraction 


of the total tritium would appear Jn the ocean, harbor, or cana! water 
shortly after a detonation; therefore, smaller volumes of water would be 
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required for dilution. Furthermore, turbulent mixing In the ocean, 
tidal changes In the harbor, and currents In the canai would further 
reduce the tritium concentrations. 


Radlotungstens 


Tungsten-|8! and tungsten-185 appear to be potentially the most 
troublesome particulates, according to MER analysis. Preliminary data 
(Ref. 9) Indicate about 1% of the tungsten Isotopes In Cabriolet fall- 
out Is leached by sea water when continuously shaken for three weeks. 
If only I$ 1s avallable, the MER values for tungsten must be mu! tip! fed 
by !00 to compute the actual extraction rates required to recelve a 
permissIble dose. Furthermore, changes can be made In the design of 
the 170-kt explosive under consideration to greatly reduce the quanti- 
tles of the radlotungstens produced. 


OTHER METHODS 


Tamplin (Ref. 10) and Ng (Ref. |!) have made estimates of doses 
to man which could be recelved through forage-cow-miIk, sol!-root, 
and aquatic pathways. They use the specific activity concept, and 
where uncertalntles exist, employ values of parameters which tend to 
maximize the estimates. Also, thelr assumptions lead to maximum doses. 
For example, they assume Instantaneous equl|lbrium In the blologtcal 
exchangeable pool. tngestion begins immediately at shot time. Tamplin 
(Ref. 10), In dealing with the aquatic system, calculates 30-year doses 
to the Infant bone for external activation products and fisslon products 
from a cratering explosive of I-Mt total yfeld and 10-kt flsslon yield. 
The infant remains an infant for the 30-year period. The greatest dose 
from activation products Its 430 rad from phosphorus-32, assuming all the 
phosphorus-32 Is In the aquatic system. Using the same qg of phosphorus-32 
used by Tamplin ¢4.2 x 10!6 pCi), an actual extraction rate 2.2 x 104 
g/day is required for a dose of 430 rad. Hts greatest dose from fission 
products Is 2540 rad from antimony-!26. Agaln using his qg of antimony-126 
(9.6 x 10!6 pci), an actual extraction rate of 4.6 x 106 aiday is re- 
quired, The present MER analtysIs Indicates that many nuclides are 
potentially more troublesome than elther phosphorus-32 or antimony-126, 
the two nuclides appearing as most Important In Ref. 10. Further, It 
seems extremely improbable that an actual extraction rate In excess of 
one ton per infant per day could ever be accomplished by any natura} 
process. Thls comparison Illustrates that ultraconservative assumptions, 
regardless of the method employed, can result in misleading conclusions. 


\t Is Interesting to compare mass concentrattons of the lead-210 
produced by the explosive and the lead~210 naturally present. In 
equi ll brium with urantum-238 Is Its 2l-year daughter lead-210. At 
3-ppm uranium, the mass concentrations of lead-210 Is one Cl per 1o!2 
grams of soll. The explosive produces a lead-210 mass concentration of 
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one pCi/gram. Therefore the mass concentration of lead-210 fram the ex- 
plostve about equals that already naturally present. 
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Ingestion begins 1 week after detonation 


300 


14.3 d Bone 


p22 


11.1 d LLI 1200 


na! 47 


21 y T.B. 500 


cs! 34 


T.B. 1200 


cs! 37 


mn oO 
Nn N 
© oO 
an 
“4 
a — 
o 4 
| 
7 
oO N 
eo te} 

> 

oO 

N 
ey | 
wm AL 


71 +d LLI 900 
21 +y Kidney 1200 


co°8 
Pp?20 


(tg is the time required to obtain 99% of the dose at the permissible annual dose rate) 


Fission products 


Critical No. of Dose MER 
Nuclide TT organ days (rem) (g/day) 
131 8.05d Thyroid 74 0,303 2.2 
te!382 78 oh OLLIE 21 0.088 = at 
Bal40) 12,8 @ Lil 84 0.346 25 
pri43 13.74 LL 90 0.370 85 
733 21 sh Thyroid 8.3 0,033 ~—-100 
Mo22 66.5 h_ ‘Kidney 21 0.087 ~—«150 
ce!#3 33) hh OLLI 9.1 0.037 190 
nal47) 11,1 d LUI 73 0,300 240 
Pm)49 53) hh OLLI 15 0.060 250 
sr89 52.7. d_ Bone 500 4.08 270 
Ru 40) dL 260 1.08 280 
Rhl95 3g oh OLLI 9.9 0.040 280 
zr? 65.5 d LLI 430 1,77 300 
cel4! 32.5 d LLI 210 0.880 380 
ru! oy LU 2400 9.85 430 
tel3tm 2d LL 7.9 0.032 730 
y" 58.8 d LLI 390 1.59 750 
Agi oo aad LL 50 0,202.~—s-g20 
snl25 0 9.4.d LLI 62 0.254 1400 


d = day, h = hour, y = year. 


Nuclide 
wi85 
wi87 
Pp203 
wi 81 
71202 
RbS6 
Hg203 
p32 
Hy 81 
qTal82 
71201 


cat5 


T, 
740¢«d 
24 4h 
52h 
140 d 
12.4 d 
18.66d 
46.6 d 
14.3 d 
43 od 
115 d 
73 Oh 
165 d 
312 od 

2.35d 
71 6d 
88 od 

21y 
45 d 


Induced activities 


Critical No. of 


organ 


LLI 
LLI 
LLI 
LLI 
LLI 


LLI 


T.B 
LLI 


196-197 


days 
490 


6.6 
14 


Dose 

(rem) 
2,00 
0.027 
0,058 
3.78 
0,334 
0,057 
1.28 
1,12 
1,16 
3.10 
0.082 

12.9 
8,43 
0.064 
1,92 
0.370 
3.40 
1,21 


MER 
(g/day) 
0.55 
2.0 
4.7 
5.0 
14 
47 
50 
110 
190 
320 
370 
600 
600 
770 
1100 
1200 
1500 
1600 


day, y = year, h = hour, 


* day 


Nuclide 


Table III 


Ingestion begins 1 week after detonation 


Fission products 


Critical 
r 


27.8 y Bone 


8.05d Thyroid 


30 y T.B. 


1.0 y LLI 


*y = year, d=day 


180 


(tg = 30 years) 


T.* organ MER (g/day) Nuclide 


Wigs 


320 Tritium 


181 


1300 W 

2000 ~=pp@!® 
1g? 3 
1202 
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Induced activities 


Critical 
T. organ 
74 +d LLI 


12.26y Body tissue 
130 d LLI 

21 y Kidney 
46.6 d Kidney 
12.4 d LLI 


MER (g/day) 


Table IV 
Time from detonation to onset of ingestion required to 
increase MER values to 100 g/day 


(tritium excluded) 


ty 


= 99% D ty = 1 year ty = 30 years 
Nuclide t (day) Nuclide t (day) Nuclide t (day) 


133 202 wi81 


I 8 Tl 16 110 
pri43 19 epee 34 wi85 233 
wis? s Hg??? as 

Tel 2 14 wi85 588 

pp?03 17 wi8l 759 

Rv®6 27 

Ba! 40 33 

71? 0? 42 

131 i 

wi85 562 

wil gia 
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APPENDIX A 
INDUCED AND RESIDUAL ACTIVITIES 


: Critical * ax -1 : 
Nuclide organ Te a, (day ) T, (day) 2, (day ") e€ (MeV) m (g) ‘Ny 
‘Tritium Body lezgy 1.858 ¢-4)T 1.2 (1) $77 (-2) 1.042) 4304) 1 

tissue 

net Lhd 53) ds1,4t (-2) 8.5 (-3) 
cl4 Wat $730, y 3,31 (-7) 1.2 (1) 5.77 (-2) 5,4 (-2)) 1,004) 5 (1) 
Na?? T.B. 2.60y 7.3 (-4) 1.1 (1) 6.30(-2) 1.6 7,.0(4) 1 
Na24 SI 15.0 ho aii 2.7 
sit s 2.62h 6,35 5.9 (-1) 
ps2 Bone 14.3 d 4,85(-2) 1.411) 4.91 (-2) 3.5 7,0 (3) 3.75 (-1) 
335 Testis 8B od) (7,87 (-3) «7.72 (1) 8.97 (-3) 5.6 (-2) 4,0(1) 1.3 (-3) 
e156 T.B. 31105 y 6.14(-9) 2.9 (1) 2.39(-2) 2.6 (+1) 7,0(4) 1 
K4? s 12.4 h 1,34 1.5 
cas Bone 165 d 4,20(-3) 1.63 (2) 4.25 (-3) 4,3 (-1) 7.0(3) 5.4 (41) 
caf? Bone 453d 1,53(-1) 4,53 1.53 (-1) 2.8 7,0(3) 5.4 (+1) 
Sc 46 LLI 83.8 d 8.3 (-3) 4,0 (-1) 
cro! LLI 27.8 d 2,49 (-2) 1.0 (-2) 
Mn54 LLI 312,00 ds2,22 (-3) 1.3 (-1) 
ond LLI 2.58h 6,45 LL 
redS Spleen 2.4 y 7.9 (-4) 3,88(2) 1.79(-3) 6.5 (-3) 1.5(2) 2  (-3) 
Wwe 59 LLI 45d 1,54 (-2) 2,9 (-1) 
co58 LLI 71 3d 9.8 (-3) 1,7 (-1) 
com LL 9 bh 1.86 1,9 (-2) 
cof0m+g LL 5.24y 3.64 (-4) 4.4 (-1) 
cuS4 LLI 12.9 h 1,29 1,6 (-1) 
zn85 T.B. 243d 2,85 (-3) 2.94 (2) 3.57 (-3) 3.2 (-1) 7.0(4) 1 (+1) 
Rb®6 T.B 18.66d 3.71 (-2) 1.32 (1) 5.25 (-2) 7.0(-1) 7.0(4) 1 
In}l4m+g Lut 50 d 1,38 (-2) 9.3 (-1) 
sbi24 LLI 60.2 d 1,15 (-2) 6.8 (-L) 
csi34 T.B. 2.1 y 9,05(-4) 6.5 (1) 1.065(-2) 1.2 7,0 (4) 1 
Eu) 52 LLI 13° y= 1,46 (-4) 6.5 (-1) 
Eul54 Lu 16 y 1,28 (-4) 6.9 (-1) 
py59 144 d 
tt 81 LAL 43d 1,61 (-2) 2.2 (-1) 
pall9 600 a 
‘Tal 82 LLL 115 d 6,02 (-3) 3.8 (-1) 
tal83 5.0 d 
wit8 2200 
wi8l LLI 140 d 4.95 (-3) 4,7 (~2) 
wi85 Lu 74d 9,30 (-3) 1.4 (+1) 
wl87 LUI 24 bh 6,93 (-1) 3.6 (-1) 
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Nuctide 


Critical 
organ 


Ld 
Kidney 
LLI 
LLI 
LLI 
LLI 
Kidney 
LLI 
LLI 
LLL 
LLI 
LILI 
LLL 


Lt 

Bone 
LLI 

Bone 
Bone 
Bone 
Bone 
Bone 


T.B. 
Bone 
Bone 
LL 
L.LI 
Kidney 
LLI 
LUI 
LLI 
LLI 
LLI 


LLI 


= 

60 d 

74 d 
46.6 d 

73° 04n 
12.4 d 
3.75 y 
52h 

21 y 

40° y 
5.0 d 
1.62 X 105y 
2.48X 10°y 
Tas x 108y 
2.39x 107Ty 
6.75 d 

4.51 x 102y 
2.14% 10%y 
2.35d 

89 oy 
24,360 
6,760 
13 
458 


“<x «<< 


45.3 h 
$2.7 
27.8 y 
58.8 
65.5 «dl 
67 
40 
1,0 
36 
7.5 
43 
76 
125 
9.4 


agdg«*noaar« ep 


APPENDIX A (Continucd) 


d,. (day!) T. (day) A, (day” 


9,30 (-3) 
1,49 (-2) 
2.28 (-1) 
5.60 (-2) 
5.05 (-4) 
3.20 (-1) 
8.64 (-5) 
6.23 (-5) 
1,39 (-1) 
1,17 (-8) 
7.65 (-9) 
2.66 (-12) 
7.95 (-11) 


4.21 (-13) 
8.90 (-10) 
2.95 (-1) 
2.13 (-5) 
7,80 (-8) 
2.81 (-7) 
1,46 (-4) 
4.15 (-6) 


FISSION 


4,71 (-1) 
1.31 (-2) 
6,85 (-5) 
1,08 (-2) 
1.06 (-2) 
2,49 (-1) 
1,73 (-2) 
1,90 (-3) 
4.61 (-1) 
9,25 (-2) 
1.61 (-2) 


7,37 (-2) 


it 


(1) 


e (MeV) 


m (g) 


6.3 (-2) 


4.94 (2) 1,40 (-3) 


1.3 


2.3 
1.2 
ML 
4.5 
5.1 


(4) 


(4) 
(4) 
(4) 
(3) 
(4) 


9.5 (-6) 


3.01 (-5) 
9.63 (-6) 
9,77 (-6) 
1.54 (-4) 
1.36 (-5) 


PRODUCTS 


1.3 


5.25 (1) 


6.4 


1.5 


(3) 


5.33 (-1) 
1,32 (-2) 
1,08 (-4) 


4,61 (-1) 
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4.2 (-1) 
1.5 (-1) 
1,0 (-1) 
2.3 (-1) 
2,5 (-1) 
5.1 (-2) 
1.0 (1) 
2.4 (-1) 
9.5 (-1) 
4.9 (-1) 
4.8 (-1) 
5.2 (-1) 
4.5 (-1) 


4.3 (-1) 
4.9 (-1) 
1.4 (-1) 
2,8 (2) 
2.7 (2) 
2.7 (2) 
1,4 (1) 
2.8 (2) 


1,8 
2.8 


5 


5,9 


oO 
5.9 (-1) 
2.4 (-1) 
4.5 (-1) 
1,93 (-1) 
1.3 

1.9 (-1) 
3.7 (-1) 
6.1 (-1) 


9,3 (-1) 


3,0 (2) 


3.0 (2) 


7.0 (3) 


7.0 (3) 
7.0 (3) 
7.0 (3) 
7,0 (3) 
7.0 (3) 


7.0 (4) 
7.0 (3) 
7,0 (3) 


4.0 (2) 


f 


2.6 (-1) 


1.0 (-2) 


6,0 (-2) 


APPENDIX A (Continued) 


: Critical * 4 “1 

Nuclide organ 4 A, (day) T, (day) A, (day ~) e€ (MeV) 
Sb! 24 LLI 60 d_ 3,16 (-2) 6.8 (-1) 
spi 25 LLI 2.1 y 1.04 (-4) 1,8 (-1) 
Sb!26 12.5 d 
sp!27 3.7 d 
tTel27M Kidney 105 d 6.6 (-3) 2.34) 3.01 (-2) 3.2 (-1) 
Tel29m LL 34d 2.04 (-2) 9,3 (-2) 
Tel3im our 1.2 a 5.77 (-1) 5.5 (-1) 
Tel 32 LLL 78 oh 2,13 (-1) 8.6 (-1) 
rst Thy roid 8.05d 8.61 (-2) 7.6 9.12 (-2) 2.3 (1) 
1133 Thyroid 21 oh 7,96 (-1) 8.7 (-1) 7.92 (-1) 5,4 (-1) 
csl56 T.B. 130d) 8.33 (-2) 1.22) 6,30 (-2) 6,5 (-1) 
csi37 T.B. 30, y 6.32(-5) 7.0(1) 9.9 (-3) 5.9 (-1) 
Ba! 40 LLI 12.8 d 5,41 (-2) 1,12 
cel 4} LLI 32.5 d 2.13 (-2) 1.7 (-1) 
ce! 43 LLI 33h 5.04 (-1) 4,9 (-1) 
Cel44 LLI 284 d 2,44 (-3) 1,3 
Pr! 43 LLI 13.7 d 5.06 (-2) 3.2 (-1) 
na! 47 LLI 11.1 d 6,25 (-2) 2.6 (-1) 
Pmi4t uur 2.6 y 7.3 (-4) 6,9 (-2) 
Pm!49 it 53) oh 3.13 (-1) 4.1 (-1) 
sm!53 LL 47 hh 3,53 (-1) 2.4 (-1) 
mul®S ut 1B y 1,054 (-3) 1.5 (-2) 


"a = day, h = hour, y = year, 


Numbers in parentheses urc exponents of 10. 
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m (g) 


3.0 (2) 


2.0 (1) 
2.0 (1) 
7.0 (4) 
7.0 (4) 


2.0 (-2) 


Sedan Tritium 


Mass concentration — pCi/g 
r=) 


wo 
Working point 


2 
Ig 200 400 600 


Depth below apparent crater bottom — ft 


Figure !. Mass concentration of tritium vs. depth in Sedan fallback. 


Sedan Tritium 
Crater bottom 


Lip 


pCi/g fallout at depth of four feet 


10"9 800. 1600 2400 
Feet from surface zero 


Figure 2. Mass concentration of tritium vs. distance in Sedan. 
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QUESTIONS FOR EDWARD FLEMING 


From Alex Grendon: 

Since your method seems to have Indicated an annual dose of 16 milli-~- 
rem from potasstum-40, which | believe Is much higher than the value 
computed by more direct means, have you analyzed the cause of the dif- 
ference and does It suggest a source of error In your model? 

ANSWER: 

It does seem high and | admit that. A value for adults Is closer to 
30 miltirems, but these are children and as a result | multiplied by 


two tak{ng Into account the fact that thelr body welght Is about a 
factor of two less than an adult's. 


From C. L. Pringle: 

Are plant metabolism studies continulng to determine nuclide concentra- 
tions In the food plants - beans, corn, grass, etc. - grown In soil? 
Are such results publ {shed? 

ANSWER: 

I'm not very famiilar with such work. | belleve people from our 
Blomedical Division at LRL could answer that question better than 1; 
and Dr. Shore, the Division Leader of the Biomed Diviston, will speak 
here, | belleve It's Thursday; and !'m sure he will be happy to answer 
that question for you. 

From C. L. Pringle: 

Will your computations as presented be published in the ProceedIngs? 


ANSWER: 


Yes 


From E. A, Martell: 

Comment on the specific and total activity of ceslum-137, strontium-89, 
and strontium-90 in the cloud from a cratering shot at optimum depth 
30 minutes after detonation. What are the consequences of depositing 
the total cloud debris over approximately 1,000 square miles? 

ANSWER: 


| don't have the numbers at hand, Ed. | have them at the laboratory. 
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6. 


Moderator: | think the question is to answer the question as to the 
total activity of each of these species. Are you prepared to speak 
to that? 


ANSWER: 


if that's the essence of the question, | cannot and the reason is that 
the number of curies of each nuclide produced in the excavation ex- 
plosives is classified Secret/Restricted Data. And that was what | was 
referring to. | hope that that information wil! shortly be unclassified 
or declassified by the AEC. Now the concentration of the cloud, on the 
other hand, ts not classified although | don't happen to have the num 
bers handy. I'!! be glad to write you a letter. 


From John Martin: 

How were the worst-case fallout sampftes selected? 

ANSWER: 

The calculations were scaled from Sedan. We took many, many samples 
from Sedan and analyzed them both by wet chemistry and by spectroscopy 
and | simply picked the most concentrated sample that was obtainable 
out of those many, many samples. And the concentrations differed per 
nuclide and, as | mentioned in the paper, the concentrations were about 
an order of magnitude higher for particulates than for tritium. 

From John Martin: 

What criteria were used for the tritium values? 


ANSWER: 


| assume you mean ICRP dose criterla. Tritium - using body tissue as 
the critical organ and 0.17 rems per year to that tissue. 
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RADIOACTIVITY SOURCE TERMS FOR UNDERGROUND 
ENGINEERING APPLICATION* 


Howard A. Tewes 
Lawrence Radiation Laboratory 
Livermore, California 


ABSTRACT 


The constraints on nuclide production are 
usually very similar in any underground engineer- 
ing application of nuclear explosives. However, 
in some applications the end product could be 
contaminated unless the proper nuclear device 
is used, 


Thie fact can be illustrated from two 
underground engineering experiments--Gasbuggy 
and Sloop. In the Gasbuggy experiment, appre- 
etable tritium has been shown to be present in 
the gas currently being produced. However, in 
future gas stimulation applications (as diatinect 
from experiments), a minimum production of trt- 
tium by the explosive is desirable since product 
contamination by this nuclide may place severe 
limitations on the use of the tritiated gas. In 
Sloop, where production of copper ie the goal of 
the experiment, product contamination would not 
be caused by tritium but could result from other 
nuclides: Thus, gas etimulatton could require 
the use of fieston explosives while the lower 
cost per kiloton of thermonuclear explosives 
could make them attractive for ore-crushing 
applications. 


Because of this consideration, radionuclide 
production calculations must be made for both 
fisston and for thermonuclear explosives in the 
underground environment. Such activation ecal- 
culations on materials of construction are per- 
formed in a manner similar to that deseribed in 
another paper, but radionuclide production in 
the environment must be computed using both 


*Work performed under the auspices of the U. S. Atomic 
Energy Commission. 
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fission neutron and 14-MeV neutron sources in 
order to treat the "source term" problem real- 
tetically. 


In making such computations, parameter 
atudies including the effects of environmental 
temperature, neutron shtelding, and rock typee 
have been carried out. Reaults indicate the 
importance of carefully evaluating the radio- 
nuclide production for each individual under- 
ground engineering application. 


INTRODUCTION 


It is necessary to ascertain the total "source term" 
(radionuclide production) resulting from the detonation of 
an underground engineering explosive to allow adequate 
analysis to be formulated of both the safety and economic 
aspects of an application. In the realm of safety, although 
the radioactivity produced is not immediately broadcast to 
the biosphere, possible accidental seepage to the surface 
must be considered, as must potential contamination of mo- 
bile ground water. 


The economic aspects of the application are directly 
affected in those cases where the product undergoes a re- 
fining process of some sort prior to its ultimate utiliza- 
tion; if the raw material contains appreciable quantities 
of radioactivity, the processing equipment must be designed 
to prevent unacceptable radiation exposures to the equipment 
operators. 


Finally, the question which impacts on both the safety 
and economic areas is that of acceptable product contamina- 
tion: What is the initial concentration of radioactivity 
and what is the cost of reducing the initial levels of 
radioactivity to those required by accepted safety standards? 


RADIONUCLIDE PRODUCTION 
Sources of Radionuclides 


Fission Products.--Although the yields of the various 
fission products may differ appreciably for different fis- 
sile materials and are sensitive to the energy of the neu- 
trons initiating the fission, existing studies’? enable 
adequate estimates to be made of fission product production 
in Plowshare explosives. 
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Neutron Activation Products: Device Components.--As 
presently defined, "device components” include those portions 
of a Plowshare explosive package which can be subjected to 
very high time-integrated neutron fluxes. Radionuclide pro- 
duction in these components can be extensive; for sake of 
completeness, multiple neutron-induced reactions producing 
radioisotopes far from the stability curve* are included in 
the calculation. 


Materials farther away from burning fissile or thermo- 
nuclear fuel are exposed to somewhat lower time-integrated 
neutron fluxes; hence, first-order reactions predominate in 
the production of radionuclides. 


Neutron Activation Products: Canister and Soil.--Acti- 
vation products formed at relatively large distances from 
neutron sources will consist primarily of those made by the 
neutron capture process. Whether neutron shielding material 
will be employed (as is the case for nuclear excavation ex- 
plosives) or not, the neutron spectrum incident upon the 
canister and soil will include some high-energy neutrons, 
and some (n, 2n), (n, p) and (n, «) reactions will be induced 
in the canister and adjacent soil. However, the neutron 
spectrum "softens" rapidly in the shielding and soil or rock 
(especially where significant water is present), thus causing 
the overall predominance of (n, y) reactions. 


CALCULATIONS (CODES AND PROCEDURES) 


Computation of Neutron Fluxes 


High-flux Regions.--Neutronic calculations may be made 
of the explosion phase of a fission or thermonuclear device 
using neutron diffusion or Monte Carlo computational tech- 
niques. Current versions of computer programs using these 
techniques not only provide for the calculation of neutron 
fluxes (divided into a number of energy groups) as a function 
of time in any region of the device included in the problem, 
but also allow the calculation of nuclide production from 
multiple reactions occurring in any of these regions. 


Existing codes also provide for the estimation of the 
total number of neutrons emitted from the outermost region 
included in the problem, again as a function of time and 
divided into several energy groups. Thus, these codes pro- 
duce a "source term" for additional calculations of relative- 
ly low neutron fluxes further away from the explosive. 


Low-flux Regions.--The most definitive work® which has 
been done to date on obtaining neutron fluxes external to 
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the explosive involves the use of the neutronic codes men- 
tioned previously. Instead of incorporating only the explo- 
sive geometry into the coordinate system used in the calcula- 
tion, a large segment of the surrounding material (canister 
and rock, for example) are also considered. Thus, as the 
nuclear explosion proceeds, the interaction of the surround- 
ings with the explosive is treated, and a more accurate 
assessment of neutron capture times and neutron energies at 
the time of capture can be made. Figure 1 shows the tempera- 
tures existing around an explosive as a function of time after 
detonation. Despite the obvious advantages of this computa- 
tional approach, it can be put to only limited use due to 

the large amount of computer time required to obtain results. 
Thus, this method is used only to obtain some guidance on 

the behavior of specific devices; for subsequent parameter 
studies (such as activation of different varieties of rock) 
the neutron output from a conventional explosive calculation 
is coupled with a Monte Carlo® code which is used to estimate 
time-integrated neutron fluxes in various regions surrounding 
the explosive. However, by using the appropriate results 
regarding explosive configuration and environmental temper- 
ature obtained from the preceding more rigorous calculations, 
the simplified procedure can yield valuable and reasonably 
accurate results in only a fraction of the time required for 
the more sophisticated calculation. 


COMPUTATION OF CROSS SECTIONS 
FOR NEUTRON-INDUCED REACTIONS 


Although a large number of experimentally—determined 
eross sections and excitation functions are available for 
neutron-induced reactions (see Refs. 7 and 8), neutron cross 
sections for those nuclides that are involved in the multiple 
reactions occurring in high-flux regions are not easily mea- 
surable, and are not available at this time. Hence, appro- 


priate codes are under development to calculate these needed 
cross sections. 


The computation of (n, 2n) reaction cross sections, using 
a normalized statistical model approach,® has been generally 
quite successful. Although there have been no experimental 
checks of the validity of this cross-section calculational 
approach on those nuclides far from stability, the use of 
this model for two or three mass units on either side of the 
region of stability should give satisfactory results. 


Again, for the (n,a) reaction, a combination of statis- 
tical and empirical calculations!®’!! seems to provide ade- 
quate results. Since charged-particle emission in general 
competes rather poorly against de-excitation by neutron or 
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photon emission, the reaction products are not formed in great 
abundance, and the accurate estimation is not as critical (at 
least where gross gamma field predictions are concerned) as 

is the case for the (n,2n) and (n,y) reactions. 


The (n,p) reaction can proceed not only by means of the 
compound nucleus, but also through charge exchange (direct 
interaction). Thus, a theoretical treatment of this reaction 
becomes somewhat involved, and an empirical predictive method!? 
is currently being used. 


Of critical importance for the accurate calculation of 
neutron activation is an adequate predictive capability for 
(n,y) reactions. Although these reactions have been studied 
in detail, both for the purposes of reactor and explosive 
design, as well as in the formulation of cosmological theory, 
recent evidence? indicates that serious gaps exist in nuclear 
reaction theory which makes extremely uncertain the predic- 
tion of (n,y) cross sections by a theoretical approach. For 
the present, semi-empirical calculations are being used; 
however, work is continuing on a more adequate and reliable 
procedure. 


ACTIVATION CALCULATIONS 


High Flux Regions 


Due to the incidence of multiple reactions in high flux 
regions, it has been necessary to develop "bookkeeping" codes 
to keep track of the build-up and depletion of individual 
nuclides in such regions. Essentially, the codes employ a 
calculated neutron flux (as obtained from a neutronic code 
output) at appropriate time intervals during the "burn" of 
fissile or thermonuclear fuel and, using the required neutron 
cross sections, calculate the nuclide composition within each 
region of interest as a function of time. The availability 
of an extensive nuclide "grid," as well as of a large library 
of neutron cross sections, allows the calculation of multiple 
reactions even on multi-isotopic elements. Figure 2 shows 
the multiplicity of cross sections which must be considered 
in a calculation of this sort. 


Two major codes have been developed for this nuclide- 
accounting operation. The first, NOVA,’” was originally 
written to obtain a predictive capability for heavy-element 
production in uranium targets subjected to intense neutron 
irradiation during the detonation of a nuclear device. It 
has since been rewritten slightly to allow its use with ad- 
ditional target elements. 


2ui 


The second code, ACT,'S has been designed to utilize 
more of the neutron flux data generated by the neutronic codes 
in order to give a more accurate estimate of nuclide produc- 
tion in especially high flux regions. It also has the capa- 
bility of calculating the radioactive decay of the various 
product radionuclides as a function of time. 


Low Flux Regions 


Since only single-order reactions are considered in such 
regions, a much simpler "accounting" code is required. For 
instance, there is no need to consider the build-up of nu- 
clides as a function of time. Thus, the output of a Monte 
Carlo (or extended neutronics) calculation can be coupled 
with the appropriate compilation of neutron cross sections 
to obtain the desired list of radioactive species formed. 


The ACTIVE code'®?!”’ has been developed to perform the 
above-described function; it also calculates the radioactive 
decay of the radionuclides formed. It has the capability of 
calculating simultaneously the activation products in all of 
the regions used in the Monte Carlo calculation and then pro- 
ducing a comprehensive compilation of radionuclides, automa- 
tically summing those produced in more than one region. 


EXPERIMENTAL CHECKS 
Limitations 


An obvious test of the adequacy of the predictions ob- 
tained above may be made by comparing these results with 
measured values for radionuclide production. There are two 
principal difficulties that prevent the simple accomplish- 
ment of such a test. First, there are uncertainties in the 
total chemical composition of an explosive and of its environs. 
This is especially true of pre-1968 tests, where the need for 
careful sampling of device materials and soil had not as yet 
assumed its present importance. 


Second, and more important, the chemical fractionation 
occurring in underground detonations is extreme for some 
elements, thus making an accurate estimate of the total _pro- 
duction of certain radionuclides extremely difficult.?°"?! 
Consequently, although the calculational check obtained by 
examining experimental results may be at least semi~quantitative 
for the so-called refractory elements, data relating to the 
more volatile elements will probably be relatively unusable 
for such verification purposes. 
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RESULTS 


Despite the difficulties outlined in the preceding sec- 
tion, some reliable experimental results have been obtained 
and are given (in a relative way) in Table I. It can be seen 
that, for the tungsten activation, calculated results are 
no worse than about a factor of two different from the mea- 
sured values. It also appears that the predictive capability 
is improving; i.e., Event No. 3 shows a much better correla- 
tion between prediction and measurement than did the preced- 
ing Nos. 1 and 2. 


Considering the more refractory elements produced mainly 
in the canister and soil, it can be seen from Table I, that 
here, too, the predicted production numbers are generally 
within a factor of two of the observed production. 


As more adequate estimates of neutron cross sections 
become available, it is probable that significant improve- 
ment can be achieved in the ability to predict accurately 
a radionuclide source term. 


CALCULATIONAL RESULTS AS RELATED 
TO UNDERGROUND ENGINEERING APPLICATIONS 


Gas Field Stimulation 


In the Gasbuggy experiment, a 26-Kt thermonuclear explo- 
sive was detonated in a gas~bearing rock; the resulting gas 
produced from this well contained 18uCi/ft? of tritium.? 

This relatively high concentration of total tritium in the 
produced gas was somewhat lower than the predicted value; 
however, it emphasizes the need to reduce the tritium pro- 
duction in Plowshare underground engineering explosives which 
are to be used for gas well stimulation. 


Calculations?* have been carried out for the Gasbuggy 
Event, allowing the emergent neutrons to impinge on Lewis 
shale.*" This work indicates that as much as 1 g of tritium?> 
will be formed from the °Li(n,a)T reaction taking place in 
the surroundings. Should 30 cm of boric acid be interposed 
between the neutron source and the shale environment, total 
tritium production will be reduced by a factor of about 100; 
about half of this tritium is produced in the soil, while 
the other half results from the }°B(n,t)2a reaction taking 
place in the boric acid shielding. 


Another source of tritium which cannot be neglected is 
the ternary fission process; approximately 0.0001 g is formed 
per kiloton of yield*® (or a similar amount to that produced 
in the surroundings by a shielded explosive). 
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The actual concentration of tritium presence in the gas 
produced from an environment resulting from the detonation 
of an explosive having such a low tritium yield cannot be 
specifically assessed; required inputs for a prediction in- 
clude a detailed analysis of the detonation environment, in- 
cluding the characteristics of the in-place gas. 


Ore Crushing 


In the Sloop experiment,?”? a nuclear explosive is to 
be emplaced within a copper-bearing formation and detonated; 
the crushed ore will subsequently be leached with dilute 
sulfuric acid to remove and recover the copper. 


Preliminary studies have indicated that one of the most 
troublesome radionuclides, in the sense of being difficult 
to remove from the copper during processing, is ‘°*Ru. Hence, 
it would seem that a thermonuclear explosive with relatively 
little fission would be the most desirable for use in this 
application. To date, induced radioactivities do not appear 
to present much of a problem with respect to the copper puri- 
fication process. Possibly the most significant impact of 
using a thermonuclear explosive would be the appearance of 
tritium in the leach solution and hence, in the copper re- 
covery plant. In order to meet occupational safety standards, 
it might well be necessary to conduct the refining operations 
in containers which are sealed or appropriately vented to a 
distant location. 


GENERAL CONSIDERATIONS 


It can be seen that, on the basis of the preceding in- 
stances, each potential Plowshare application must be care- 
fully evaluated with regard to the production and distribu- 
tion of radioactivity. As a result of this analysis, the 
appropriate combination of nuclear explosive and shielding 
will be chosen, the optimum product treatment or recovery 
plant will be designed, and appropriate research will be 
initiated to ensure that the product will conform to accepted 
radiological safety standards. 
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Table I. Relative radionuclide production from three Plow- 
share explosive tests. 


Atom Ratio: Measured 
Predicted 
Nuclide® Event No. 1 Event No. 2 Event No. 3 

Vely 0.4 0.4 0.8 
1esy 0.6 0.5 Lid 
rey 2.3 0.9 0.7 
rey 1.3 1.0 1,3: 
2"Na 134. --- --- 
i2p 0.6 eee, ame 
Slop O.4 --- --- 
54 Mn 0.7 soe =e 
5$re 0.6 <2 Lie 
59Fe 0.5 --- --- 


athe tungsten radionuclides were mainly produced in high-flux 
regions of the explosives; the other radioisotopes were prin- 
cipally formed in lower-flux regions. 


FIGURE CAPTIONS 


Temperature/distance profiles for various relative 
times after start of nuclear burn, from the neutronic 
calculations. 


Principal nuclear reactions to be considered in ACT 
calculations (using a portion of the tungsten nu- 
clides as an illustrative case). Cross-hatched 
blocks represent stable nuclides; open blocks rep- 
resent radionuclides. 
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=o 
% S = = QUESTIONS FOR HOWARD TEWES 
? 3 Gs > 
x = who * 
5 |e Re id sf< = 4 3 1. From Charles Bowman: 
< re / > (a4 2 = S| 5 2 
2 id G 2 Sa We 2 \2 With regard to avallable Information, how accurately can krypton-85 
rj 3 9 
4 re v 
<7 é\) é » 2 and tritium Inventorles be assessed? 
2, —\ AS 


<e 10 n,n! 
a = eV ANSWER: 
Well, the answer to that Is If you are talking about total production, 


a 
oY 2a LX N | think that the krypton-85 total production, if you know the fissile 
A matertal and the neutron spectrum, you could probably get the total pro- 
Tk is ly duction to better than 10%, | would guess. As far as tritium Is con- 
= 3 & ‘As cerned, that's a tittle trickier. | would say about a factor of two 


on that. But In general we try to err on the side of safety. In other 
words, we will predict It on the high end rather than what we thtnk Is 


z ; 
x / the median. 
Le 
e \Y 
B 2. From Charles Bowman: 
‘oO N How accurately can tritium produced from |ithium-6 In alpha reactions 
Ec \/ be predicted? 


& 
° 
& 
? 2 ay 5 ANSWER: 
~ ‘3 
Well, this Is largely a matter of judgment because you see our pre- 
dictions are just that, we've never really been able to measure this 
4e ‘a In an explosion environment, | would have to say that, in view of the 
fe aa uncertainties and cross sections and neutron fluxes, | would say like 
oo factor of three. 
Y & ; 
© 
a C7 
3, From Charles Bowman: 
2? Ly 1S What Is the critical configuration of lithium-6 about the emplacement 
x Sa point? 
» 
4 ANSWER: : 
2 é\ 
= . The tithlum-6 is In shale to the extent of a few parts per million so 
“ v NS presumably It's sort of unlformly distributed around a detonation. Of 
; ro) course, If a detonation is taking place In some sort of a layered environ- 
mf 2 Ya N ment, this might not necessarily hold. 
ga 
? > 1? 
Bs 2 |? ° = |? 4, From Frank Lowman: 
>? > 


What would be the fission yield from naturally occurring fissile matertal 
in black shate from a 100 kiloton shot based on your calculated neutron 
fiuxes tn the solt? 


ANSWER: 

This depends on the amount of fissile material in the soil naturally. 
| went through this once, | forget for precisely what yield. {! think 
it was of the order of 100 kilotons and | think the total yield that 
we were calculating was something of the order of a ton or a few tons. 


That's tons now not kilotons. That's natura) uranium and, | guess, 
thorium atso in the soll 


From Antonio Carrea: 


Assuming a shot in a forelgn country, could an independent safety 
analysis be done without declassi* ag information? 


ANSWER: 


At the present time, no. 
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ABSTRACT 


Meteorological support requirements for Plowshare 
nuclear detonations are shown to depend on a number of 
factors. The importance of adequate support to the 
effective planning and safe conduct of a nuclear 
detonation is deseribed. An example of the influence 
of atmospheric conditions on radioactive cloud devel- 
opment and local transport and fallout of radioactive 
debris is presented. Prediction of the future state 
of atmospheric wind structure, required for fallout 
predictions, depends on an adequate definition of its 
initial state and its rate of change. This definition, 
in turn, is shown to depend on an upper wind-sounding 
network of appropriate station density. An operational 
technique currently used for nuclear cratering fallout 
predictions is described and showm to produce results 
of useful accuracy. 


INTRODUCT } ON 


The measurement and prediction of certain atmospheric phenomena 
are vital to the effective planning and safe conduct of a nuclear 
detonation. Effective planning requires a timely evaluation of local 
climatology in order to anticipate the probable influence of atmos- 
pheric conditions on detonation effects and operational procedures. 
The ability to avoid undesirable effects from radioactive fallout 
resulting from a nuclear cratering detonation depends in part on the 
validity of the fallout prediction technique employed and the capa- 
bitity to predict meteorological input to the technique. The con- 
tinuing development of improved prediction techniques requires 
adequate definition of those atmospheric parameters affecting the 
fallout process so that detailed post~detonation analysis can be 
performed. 
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It Is reasonable to assume that future users of nuclear explo- 
slves for peaceful applications will be greatly concerned with economy. 
Undoubtedly the varlous types of support activities, including meteor- 
ological services, will be closely examined In order to reduce or 
eliminate as much of the effort as possible. No attempt will be made 
here to establish specl fic meteorological requirements since these 
wlll vary from one type of detonation to another. Rather, | will 
attempt to describe some of the considerations In determining 
support requirements, the Importance of an adequate upper wind 
observational network, and the Influence of atmospheric conditions 
on local transport and fallout of radloactive debris from nuclear 
cratering detonations. 


CONS!DERATIONS IN DETERMINING SUPPORT REQUIREMENTS 


The requirements for meteorological support depend on a number 
of factors. Important among these are the expected maximum credible 
release of radioactivity to the atmosphere and the human population 
distribution surrounding the detonation sIte. Geographical location, 
topographical features, proximity to bodies of water, operational 
procedures, and support contractor requirements a}! play a role in 
determining the extent of meteorological support. 


Meteorological services may best be described by considering 
‘three phases in the conduct of a nuclear detonation. These three 
phases are arbitrarily called the preliminary, detonation, and post- 
detonation phases. 


Preliminary Phase 


It is during this phase that a detonation site is selected and 
organizations associated with the project are making ptans for their 
part.iclpation. The location of on-site support facilities and 
Instrument arrays to measure detonation effects are determined. An 
examination of climatological! data at this time may reveal important 
atmospheric characteristics bearing on these activities. A knowledge 
of climatological wind direction frequencies, for example, may maxi- 
mize the probability of obtaining needed radiological data. The 
unnecessary location of support facilities in the most probable 
fallout sector can be avoided. It is also important during this 
phase to examine climatological data in order to establish realistic 
meteorological restrictions under which the detonation is to occur. 
For example, clear skies may be desired In order that aerial photo- 
graphy may be obtained. A review of climatological data may indicate 
that certain wind flows are associated with clear skies, others with 
cloudy skies. If a choice exists, care should be taken to choose a 
sector for the placement of radiological sampling instrumentation 
which is consistent with a wind flow which climatology indicates is 
normally associated with clear skies. Another example would be the 
choice of a downwind fallout sector which is compatible with the 
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desired long range radioactive cloud trajectory. Timely considerations 
of thls type may result in the avoidance of costly delays or sacrifice 
of needed data. It Is also during this phase that the meteorologist 
rasponsibie for weather predictions during the detonation phase 

should be carefully studylng climatological data. A meteorologist's 
predictive confidence should be tempered by a knowledge of the clima- 
tological probability of what he Is predicting. If adequate ciima- 
tological data are not avallable from an existing weather station, It 
may be desirable to obtain data at the detonation site far in advance 
of the detonation date. These data may be particularly important 

In understanding strictly local phenomena which wlil be discussed 
later. 


Detonation Phase 


It is during this phase that the nuclear detonation takes place. 
The safe conduct of a detonation requires accurate meteorological 
observations and predictions in order to avoid undesirable detonation 
effects such as excessive alr biast overpressures and excessive radio- 
active fallout In populated areas. It is also during thls phase that 
the collection of Important radiological data takes place. The acqui- 
sition of these data Is In part dependent on adequate metecrologica! 
predictions. 


Meteorological Information normally provided in support of a 


nuclear detonation Is ||llustrated schematically in Figure |. Sea 
level pressure, a sequence of upper air streamlines, and other charts 
not illustrated provide background Information on current conditions. 


Panel | shows the predicted streamline flow at a particular altitude 
above mean sea tevel (MSL) for the time of detonation. Panel 2 depicts 
the predicted shot-time winds at the surface and at various levels 
(MSL) above the surface; while Panel 3 presents expected wind changes 
as a function of time. A predicted temperature profile (solid IIne) 
over the detonation site is in Panel 4 and a change with time (dashed 
line) is indicated. Panel 5 illustrates the predicted local fallout 
sector and hotline location; while Panel 6 shows predicted long range 
alr parcel trajectories that are useful to indicate areas which are 
expected to be traversed by air potentially containing radioactivity. 
The predicted maximum external gamma exposure from radioactive fallout 
is presented by means of an exposure versus distance curve i}lustrated 
in Panel 7. Clouds and precipitation conditions, especially along 

the expected path of the radioactive cloud, are portrayed in Pane! 8. 


Prediction of the future state of the atmosphere depends upon an 
adequate definition of its initial state and an understanding of the 
changes taking place. The required initial state and rate of change 
can be obtained from an appropriate three-dimensional observational 
network. The network must have a station density, a real extent 
and observational frequency appropriate to the scales of atmospheric 
motions involved. 


225 


Post-Detonation Phase 


It is during this phase that many diagnostic studies are performed. 
Some of these studies involve the use of meteorological observations 
obtained during the detonation phase. The evaluation of a fallout 
prediction technique, for example, requires a detaited analysis of the 
vertical wind structure affecting the fallout process. The wind 
structure observed only at the time and location of the detonation is 
inadequate to fully describe the local fallout process, which may have 
a duration of many hours and be affected by both time and space 
variations in wind structure. Since the validity of a fallout pre- 
diction technique depends on its ability to reproduce observed 
radiological fallout data, the collection of comprehensive radio- 
logical and meteorological data are important to continued improvement 
in prediction capability. 


Upper Wind Observational Network Requirements 


Let us examine upper wind network requirements by considering 
scales of motion! existing in the atmosphere. Atmospheric motions 
range in magnitude from the very smal! scale of molecular motion to the 
very large scale of planetary wave motions. Scales of motion affecting 
the transport of a radioactive cloud beyond the local area may be 
adequately defined in some areas by existing observational networks 
(e.g., the Weather Bureau's network across the United States). In other 
areas, such as over the oceans, existing observational! networks may 
be inadequate. The station density of the upper wind sounding network 
in the western United States is shown in Figure 2. The average distance 
between stations is roughty 200 miles. A scale of motion defined by 
this network is called the synoptic scale. It contains such features 
as migratory wind systems with wavelengths on the order of 600 to 
1,500 miles. 


A smatler scale of motion, called the mesoscale, contains wind 
systems which can exist between stations in the network just described 
and be undetected by it. A denser network is required to define 
adequately the location and movement of these systems. An example 
of this scale of motion and its definition by synoptic and mesoscale 
observational networks is shown in Figures 3 through 7. The meso- 
scale network was established in support of a nuclear reactor experi~ 
ment conducted 25 June 1965, at approximately !800Z. Figure 3 shows 
a synoptic scale streamline analysis of the 8,000-ft. MSL wind flow 
at 1200Z. (The use of 8,000-ft data is not unique to the discussion; 
other levels could have been used.) At this time no unusual features 
are apparent. Figures 4 and 5 show two possible interpretations of 
the 8,000-ft. MSL flow 6 hours ftater (1800Z) at reactor run time. 
(Synoptic wind data are normally available at 6-hr. intervals.) A 
disturbing aspect of the analysis shown in Figure 4 is the location of 
a cyclonic circulation in an area of moderately strong wind speeds, 
since the speed at the center of the circulation must be zero. An 
analysis of the same data, shown in Figure 5, indicates the possibility 
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of an anticyclonic circulation west of the Yucca Flat weather station 
(UCC) at the Nevada Test Site. Hourly wind soundings were obtained 
during this period at station UCC. The wind shift from south to 

north occurred at {500Z. Winds remained northerly through run time, 
shifting back to the south one hour after the run. If the UCC 
soundings alone were available to supplement the synoptic data, one 
would be hard pressed to provide a satisfactory explanation of 

what had produced the shift. A wind prediction for run time would be 
even more difficult. The analyses shown in Figures 6 and 7 include 
data from the mesoscale network. The analysis in Figure 6 corresponds 
in time to that in Figure 3 and clearly indicates the presence, even 
at that time, of a disturbance in the wind flow not apparent on the 
synoptic scale analysis. Knowledge of its presence could be very 
important to test safety even though its movement may be unpredictable. 
Several! hours advance notice of this disturbance was obtained as a 
result of the mesoscale network, The analysis in Figure 7 corresponds 
in time to those in Figures 4 and 5. !+ would appear from this analysis 
that the interpretation shown in Figure 5 was the better of the two 
synoptic scale analyses. An analysis of hourly data obtained from the 
mesoscale network indicates that the anticyclonic circulation moved 
southward into the network, then eastward, and finally recurved toward 
the north, exiting the network. At this time winds over the area 
returned to a southerly flow. It is ctear that supplementation of a 
synoptic scale network with a single wind sounding station at the 
testing site can be woefully inadequate. It is likely, in this case, 
that, had an even denser or more extensive network been employed which 
might have resulted in earlier detection and better definition of the 
mesoscale circulation, even better meteorological advice could have 
been availabie. The problem is to achieve a realistic balance between 
desired prediction accuracy and the desire to minimize expenditures. 


Certain mesoscale features of atmospheric motion are of purely 
local origin.4 Although the presence of these local features can be 
anticipated, they change from day to day and from one location to 
another. Their detailed description and potential effect on detona- 
tion safety may require wind observations not available from an 
existing network. A familiar example of a focal wind is the fand~sea 
breeze found in coastal areas. Oiurnal! variations in low level winds 
result from the differential heating and cooling of the atmosphere over 
the sea and land surfaces. During the day a wind blows from the sea 
extending as far as 30 to 40 miles inland in temperate zones and to 
even greater distances in tropical! regions. At night a weaker wind 
blows from the l!and out to sea extending on the order of a few miles. 
Both land and sea breezes are generally shallow phenomena, restricted 
to the lowest few thousand feet, but depths of 6,500 ft. have been 
observed. if a coastal site is chosen for a nuclear detonation, it 
is Important that this mesoscale feature and its diurnal variations be 
understood and its possible effects’ on detonation safety be examined. 


A second example of a focal circulation which can be anticipated 


227 


is the mountain-vatley wind. This wind system is similar to the land- 
sea breeze In that it has diurnal oscillations with winds blowing 
upslope during the daytime and downslope at night. If adetonation 
site |s chosen In mountalnous terraln, this wind system and its 
diurnal varlatton should also be understood and Its possible effect 

on detonation safety be considered. 


Smaller scale turbulent motions exist which are exhibited as 
higher frequency wind fluctuations than those discussed above. Although 
these motions can produce some effects In the local fallout process, 
thelr slze is small relative to the size of the radioactive cloud and 
therefore they do not affect Its path appreciably. 


Atmospheric Influence on Local Transport and Fallout of Nuclear Debris 


Numerous examples of the effect of the various scales of atmos- 
pheric motion on alrborne pollutants can be found in the literature. 
An interesting example of the effect of vertical temperature and wind 
structure and the influence of topographical features on the local 
transport of a radioactive cloud resulted from the recent Schooner 
cratering detonation at the Nevada Test Site. The supplemental upper 
wind network established for Schooner is shown In Figure 8. All| 
aval lable manpower and equipment were utilized in support of this 
experiment, resulting in a relatively dense network of observations. 
The locations of upper wind sounding stations (pibal and wind- 
finding radar) and temperature sounding stations (GMD), as well as the 
locations of alrcraft temperatura soundings (NATS), are indicated. 

The vertical temperature and wind structures observed at certain of 
these locations are shown in Figure 9. All temperature soundings were 
taken at detonation time. The times of wind observations correspond 
within an hour to the time of arrival of the peak radioactivity at 
distances comparable to the observation locations. The significant 
features of these observations are the presence of a low level 
temperature inversion and a corresponding discontinuity in vertical 
wind structure. The temperature sounding nearest the detonation 

site (U20B) shows the base of the Inversion approximately 1,800 ft 
above surface ground zero. This inversion layer slopes upward as 

we proceed north to Site C (65 miles from ground zero) with its base 
being found approximately 2,400 ft above the elevation of surface 
ground zero. The corresponding discontinulty in vertical wind 
structure is clearly evident. The effects of these features on the 
Schooner debris cloud are also evident. Figure 10 is a schematic 
cross-section> (preliminary) of the Schooner cloud at the time of 
initial stabl tization which occurred a few minutes after detonation. 
Both a maln cloud and a base surge cloud are indicated. A comparison 
of altitudes of the top of the base surge cloud and the base of the 
aforementioned temperature inversion indicates that the inversion 
layer was effective in limiting the vertical development of the base 
surge cloud. The corresponding vertical wind structure shown indicates 
southeasterly to southerly winds below the Inversion. layer and south- 
westerly to west-southwest winds above. The effect of this discontinuity 
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on the Schooner cloud is shown in Flgure ||. This figure is a schematic 
representation of the peak dose rates observed near ground level 

during cloud passage. Only relative intensities are indicated, This 
pattern clearly shows that the base surge cloud was transported general ly 
toward the north; whereas the main cloud was transported toward the 
northeast. To my knowledge, the vertical extent of the base surge cloud 
was never higher than the inversion layer as it was transported north~ 
ward. Another interesting feature is the apparent "shadow" in the 
pattern, presumably caused by the combined effects of limited vertical 
development of the base surge cloud and the channeling of low level 
winds by the mountain ridge which reaches 9,500 feet MSL, extending 

well Into the Inversion fayer. This example clearly illustrates the 
requlrement for an adequate three-dimensional observational network 

{f accurate prediction of the local transport of a radloactive debris 
cloud Is desired. 


The most Important meteorological Input required for the pre- 
diction of local fallout ts an accurate prediction of the wind 
structure through which the particies will fall. This implies not 
only a requirement for the prediction of shot time winds but also 
their time and space variations. Other atmospheric phenomena are 
potentially Important to the local fallout process. Vertical motions 
such as those observed within mountain lee waves4,> and convective 
activity (thunderstorms)®, have velocities which are significant when 
compared to the terminal velocities of fallout particles’. In addition, 
the potential for precipitation scavenging must be recognized. If these 
phenomena cannot be realistically taken Into account in fallout pre- 
dictions, thelr Interaction with the radioactive cloud should be 
avoided. If Interaction cannot be avolded, potential "hot spot" areas 
should at Jeast be delineated so that radiological monitoring can be 
conducted and appropriate safety measures taken if required. Deter- 
mination of the tocation and intensity of these atmospheric phenomena 
depends on an adequate observational network probably including the use 
of weather detection radar. 


An Operational Fallout Prediction Technique for Nuclear Cratering 
etonation 


A number of methods have been developed by various organizations 
for the prediction of local faliout. They employ similar fundamental 
considerations and reflect varying degrees of sophistication. One 
such method was that originally developed by the Special Projects 
Section, U. S. Weather Bureau, In 1955,8 based primarily on fai tout 
data from tower shots in Nevada. The total amount of fallout and the 
distribution of activity as a function of particle size and height in 
the initial radioactive cloud must be specified in order to predict a 
downwind pattern of fallout intensities. (A computerized version of 
this method is available.) A modification of this method? is currently 
being employed for the prediction of fallout intensities resulting 
from nuclear cratering detonations. Time does not permit a detailed 
description, however the major features will be described. This 
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modified method provides predictions of hotline radiation intensities 
required for operational application. I+ is a scaling technique which 
does not require explicit definition of the distribution of activity 
as a function of particle size and height in the initial radioactive 
cloud. Rather, the assumption is made that an appropriate analog 
event can be chosen whose particle size-activity distribution will 
adequately approximate that of the event for which a prediction is 
being made. The scaling method consists of a simple ratio technique 
whereby the parameters which determine the hotline exposure rates 

and the location of these exposure rates in their respective fallout 
patterns are related, and then used in conjunction with the empirical 
results of a previous event for prediction purposes. The exposure 
rate tevels are normalized to one hour after the detonation at al} 
downwind distances to account for radioactive decay. The form of 

the scaling equation, where the unprimed symbols refer to the analog 
event and the primed symbols refer to the forthcoming event, is as 
follows: 


er ee ae ea ee 
ti) hy vi ¥ 


where; 

A, At are the exposure rate levels as a function of 
distance along the fallout hotline for an H+ 
hour reference time. 

8, @! are the directional shears in the wind hodograph 
from the surface to the top of the radioactive 
cloud at time of stabilization. 

h, ht are the radioactive cloud heights at time of 
stabi lization. 

vy, Vt are the resultant mean transport speeds from the 
surface to an appropriate altitude in the radio- 
active cloud. 

fo fs are fractions of the total activity produced which 
occur as fallout. 

Ys '¥" are the fission or fission equivalent yields of the 


nuclear devices. 


The exposure rate fevel (A'), when computed, is applicable at a downwind 
distance determined by the following equation: 
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xpsax 2 5 
h v 
where: 
xX, Xt are downwind distances along the fallout hotline. 


The unprimed quantities are obtained for the analog event by an 
analysis of observed exposure rate levels, meteorological conditions, 
and radioactive cloud dimensions. All yields are obtained from the 
nuclear laboratory conducting the experiment. Estimates of h' and ¢! 
are made by the use of empirical relationships developed from data 
obtained in connection with previous nuclear cratering detonations. !0 
The quantities V' and @' are obtained from the wind predictions 
described earlier. 


The value of a fallout prediction method can be determined by 
its ability to reproduce observed radiological fallout data from the 
actual release of radioactive material. Radiological and meteoro- 
logical data have been obtained for a number of nuclear cratering 
detonations. Data from several of these are presented to demonstrate 
the validity of the fallout scaling technique. The Sedan, Teapot Ess, 
Johnnie Boy, and Danny Boy observed hotline H+! hour fallout gamma 
exposure rates as a function of distances are shown jn Figure 1!2. 
Danny Boy was fired in hard rock while the others were fired in 
alluvium. The range in total yield of these detonations is a factor 
of approximately 240, The range in fallout fraction is a factor of 
approximately 13. Observed wind speeds, shears, and cloud heights, 
as expressed in the scaling equations, also varied considerably. Each 
of these curves has been normalized to a common set of conditions to 
provide a test of the scaling technique. The results of this scaling 
normalization are shown in Figure 13. If it were possible to account 
for all the factors which contribute to the differences in exposure 
rates observed for the several events, the normalization would result 
in a single curve. Although this is not quite the case, it is 
apparent that the scaling technique performs remarkably wel! for this 
series of events. The assumptions which were made in the development 
of the scaling technique appear to account for the major differences 
in the radiation levels resulting from these cratering detonations. 
The technique satisfies the requirement for an operationally useful 
radiation prediction method that can be both rapidly and easily 
employed. The method requires the minimum of input information 
essential for any fallout prediction technique and depends realis- 
tically on the empirical results of previous detonations as criteria 
for radiation prediction. 
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SUMMARY 


The use of meteorological data and services during the various 
phases of a nuclear detonation have been described in order to point 
out some of the more Important considerations necessary in determining 
adequate meteorological support. 


Prediction of the local transport and fallout of radioactive 
debris resulting from a nuclear cratering detonation depends not only 
on the validity of the fallout prediction technique employed but also 
on the abillty to predict the future state of those meteorological 
parameters affecting the transport and fallout processes. Data from 
the Schooner detonation were presented to demonstrate atmospheric 
Influence on the base surge cloud development and the local transport 
of radioactive debris. Prediction of the future state of the atmos- 
phere depends on adequate definition of its initial state and the rate 
of change taking place. A case study presented demonstrates the require- 
ment for an appropriate network of wind sounding stations in order to 
define the location and movement of mesoscale wind circulations 
important to local fallout predictions and nuclear detonation safety. 


A fallout prediction technique for nuclear cratering detonations 
was briefly described. The technique provides predictions of useful 
accuracy and satisfies the operational requirements of being both rapidly 
and easily employed in the field. 
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3. 


QUESTIONS FOR HAROLD MUELLER 


From C. Netson: 


How can an official state agency obtain information from the Weather 
Bureau about the cloud path and altitude of airborne fallout from an 
U.S. or foreign nuclear detonation? 


ANSWER: 


{ suppose the best person to address that to would be Robert Thalgott. 
In addition to that, | think a lot of this information is being pub- 
{Ished. | think it is available in a number of publications in the 
U.S. 


From M. Chessin: 


In view of the extensive meteorological preparations made for the 
Schooner shot, how does it happen that increased fallout was detected 
in eastern Canada? 


ANSWER: 


The answer to that is simply because it was carried there by the wind. 


From Or. Rozzell: 


Did | understand correctly that coastal areas and mountain valley areas 
are best as detonation sites because of fairly predictable diurnal wind 
patterns? 


ANSWER: 


No, sir, | was not trying to imply that. | was slmply trying to give 
a couple of examples of focal circulations that potentially could af- 
fect fallout predictions. These are a couple of those local circula- 
tions. 


From Kenneth Kase: 

Was the determination of the Schooner cloud cross-section made by 
observation of the visual cloud. If so, is this an accurate profile 
of the radioactive cloud? 


ANSWER: 


There were all sorts of measurements of the Schooner cloud both visual 
and by aircraft sampling. !'m not sure if someone is going to speak 
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to this later or not, but certainly the cloud shape was determined in 
several fashlons and in the final analysis will be a composite of these 
various types of measurements. 


From George Collins: 


In genera), to what elevation must the vertical temperature and wind 
structure be known for a typical Plowshare experiment? Is this a 
function of whether a surface or sub-surface detonation is involved? 


ANSWER: 


Not really. Well, of course, we're not talking about surface detona- 
tions here. We are generality interested in the temperature structure 
up to quite high altitudes. One reason for this Is as input to air 
blast predictions. But with regard to radioactive effluent predictions, 
it is not too different in terms of temperature sounding requirements 
whether we are talking about underground detonations or cratering 
events because the maximum credible accident assumed for an underground 
detonation usually implies that we will have a pretty decent sized 
cloud with dimensions not to dissimilar from a cratering detonation. 


From H. Tewes: 


To your knowledge, was there any real evidence of advanced radiation 
levels in Canada resulting from Schooner? 


ANSWER: 


| heard there was, Howard, in the press. I haven't heard It from of- 
ficial sources, however. 
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Figure 3. Streamline Analysis, 8000 Ft. MSL., 12 Z, 25 June 1965. 
238 


--— VE- \\ 


a 


JM 


-_——— 
--————e 
1 


ae 01/08 UCC 
AS 


‘ 


Figure 4, Streamline Analysis, 8000 Ft. MSL., 18 Z, 25 June 1965. 
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Figure 5. Streamline Analysis, 8000 Ft. MSL., 18 Z, 25 June 1965. 
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. Streamline Analysis, 8000 Ft. MSL., 12 Z, 25 June 1965. 
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Figure 7. Streamline Analysis, 8000 Ft. MSL., 18 Z, 25 June 1965. 
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Figure 10. Schematic Cloud Profile == Schooner. 
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ATMOSPHERIC TRANSPORT, DIFFUSION, AND DEPOSITION OF RADIOACTIVITY 


Todd. V. Crawford 
Lawrence Radiation Laboratory 
Livermore, California 


ABSTRACT 


From a meteorological standpoint there are two types 
of initial sources for atmospheric diffusion from Plowshare 
applications. One is the continuous point-source plume - a 
slow, small leak from an underground engineering application. 
The other is the large cloud produced almost instantaneously 
from a cratering application. For the purposes of thie paper 
the effluent from neither type hae significant fall speed. 
Both are carried by the prevailing wind, but the statistics 
of diffusion for each type are different. 


The use of conetant altitude, tsobaric and isentropic 
techniques for predicting the mean path of the effluent is 
briefly discussed. Limited data are used to assess the ac- 
curacy of current trajectory forecast techniques. 


Diffusion of continuous point-source plumes has been 
widely studied; only a brief review ta given of the tech- 
niques used and the variability of their results with wind 
speed and atmospheric stability. 


A numerical model is presented for computing the dif- 
fusion of the "inetantaneously-produced" large cloude. Thie 
model accounts for vertical and diurnal changes in atmos- 
pheric turbulence, wet and dry deposition, and radioactivity 
decay. Atrborne concentrations, cloud size, and deposition 
on the ground are calculated. Pre- and post-shot caloula- 
tione of cloud center, ground level concentration of gross 
radioactivity, and dry and wet daposition of iodine-131 are 
compared with measurements on Cabriolet and Buggy. 


INTRODUCTION 
When a Plowshare device Is detonated, a varlety of radionuclides 


is produced In the underground environment. Depending on the 


* 
ThIs work was performed under the auspices of the U.S. Atomic Energy 
Commission. 
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particular Plowshare application some of these radionuclides, particu- 
larty the more volatile ones, may be released to the atmosphere. In 
the case of cratering applications, the majority of the vented radio-— 
nuclides are attached to particulate matter and rapidly settle to 
earth. However, some of the material is either in the form of gases 
or tn the form of particles which are too smail to have any slgnifi- 
cant fall speed. 


The purpose of this paper is to discuss methods of predicting 
the atmospheric transport, diffusion, and turbulent deposition of 
the materlal which does not have any significant fall speed. An 
assessment of the relative accuracies of current prediction techniques 
will also be made. 


Trajectory prediction techniques are common to the effluent which 
might be released from an underground engineering application and from 
a cratering application. Thus, these wil! be discussed first. The 
diffusion and deposition of effluent from each application will then 
be discussed separately because the diffusion approach is different 
for each application. 


TRAJECTORIES 


The most common method of constructing a trajectory Is the centra! 
tendency method. This method assumes that the wind field is invariant 
between times for which no data are available. The best available wind 
fleld analysis for the helght of interest is used. This could bea 
streamline analysis or a contour analysis on constant pressure charts. 
\sotachs aid the analysis. To construct the trajectory, a point is 
moved along with the available wind field for a time perlod equivalent 
to the time between observation periods. This perlod of movement of 
the parcel is centered on the time of the analysis. 


This central tendency method Is one of many possible kinematic 
methods of constructing trajectories. However, this is about the 
easlest method to use, and various studles!,2 have shown that there 
ts little difference in trajectory accuracy among the various kinematic 
methods, when the accuracies are averaged over a varlety of synoptic 
situations. !n any one particular case, one kinematic method may be 
somewhat better than another. 


There are also dynamic methods of constructing trajectorles 
which compute the acceleration of the air parcet. However, these 
are not widely used because they are more laborious to construct, and 
they require a high accuracy in the wind and pressure fields. This 
latter is true because the calculated acceleration Is a small difference 
between two fairly large terms. Consequently, dynamic methods are 
seldom used In routine trajectory forecasting. 


{f the trajectory belng constructed is a “hind cast," wind maps 
prepared from observations are used; or ff It is a "forecast," then 
prognostic charts of the wind fletd are used. 
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What methods can be used to check the accuracy of trajectcry fore- 
casting techniques? As it is the path of parcels of air containing 
pollutants that are of interest, the best measurement of the trajectory 
would be a continuous tracking of the air parcel. However, this is 
difficult to accomplish as it takes almost continuous aircraft tracking 
of a "tagged" parcel for several days. The tracked alr parcels which 
can be compared to trajectory forecasts are almost nonexistent. 


The next best method would be to track a constant level balloon 
or a constant density baltoon. Constant level balloons have been 
flown at heights of 200-300 millibars and set so that they stay on a 
constant pressure surface. Constant density balloons, which are also 
known as tetroons, have been flown in the lower atmosphere, say from 
12,000 feet down to a few hundred feet above the ground, and are designed 
to float on a constant density surface. 


Another method which has been used to study trajectories has been 
to construct a trajectory from observed wind data and compare it to a 
constructed trajectory based on forecast data. lronically though, when 
constant level ballfoon data have been available, the error in "hind 
cast" trajectories has been determined to be about the same as in fore- 
cast trajectories.!,2 


Using trajectories from [| balloon flights at 200 mlilibars during 
the period of August !949 to March 1950, Machta, in an unpubl ished 
paper, !»2 found an average error of 32% of the total trajectory length 
for an average trajectory length of 855 nautical mites (average flight 
duration 154% hours). An Air Weather Service trajectory study at 300 
millibars, for 76 cases, compared forecast trajectories to balloon data. 
This gave an average cross trajectory error of 19.5% and an average sic 
trajectory error of 25.9%. This resulted In a net error of about 32.5%. 
Moore? had an average forecast trajectory error of 23% of the total tra- 
jectory path for batloons designed to fly at 300 millibars. "Hind cast" 
trajectories prepared for 20 balloon flights, selected for good behavior, 
right altitude, etc., gave an average trajectory forecast error of 20% 
of the trajectory path length of about 1000 miles. 


Trajectory computations can be easily done by computer. By linking 
a trajectory forecasting technique directly to one of the numerical 
weather prediction models run by the Environmental Scientific Services 
Administration (ESSA) at Suitland, Maryland, one has the advantage of 
using small time steps in the central tendency method. This is because 
the numerical weather prediction models step forward in time steps of 
{0 minutes to an hour, whereas, prognostic charts or observational data 
are usually only available in |2-hour increments. Hurbert et al4 ran 1 
comparisons, with constant level balloons floating at 300 miltibars and 
72-hour trajectory forecasts prepared by the equivalent barotropic model. 
The equivalent barotropic model does calculations at the 500-mli ll tbar 
surface, and then it is necessary to extrapolate upwind to 300 mitlibar 
in order to compare calculations to the path of the constant level 
balloons. The average error in these comparisons for flights of 72 
hour duration was about 25% of the flight path length. 
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Coming down In altitude to the lower Sevels (10,000-!2,000 feet), 
there is the trajectory study done by Allen, et al.? This study was 
done utillzing trajectories originating at the Nevada Test SIte (NTS). 
For the period of about a year four different kinds of trajectorles 
were prepared (or availabie) at NTS. They were: 


(1) A 30-hour 700-mII tI bar forecast which was I{nked to the 
output of the three-level baroclinic prediction mode! being run 
by ESSA at Suitland, Maryland. 


(2) The duty forecaster at NTS routinely forecast 30-hour 
trajectories from NTS. During the first part of the test period, 
these were at 10,000 feet and during the second part of the test 
period they were at 12,000 feet. Although these forecasters did 
not have access to the numerically prepared trajectories, they 
did have access to the prognostic charts prepared at 
Suittand, Marytand, 


(3) The duty forecasters at NTS routinely reconstructed 
30-hour trajectories using observed wind data. 


{4) Small clusters of tetroons were launched almost daily 
and tracked by radar as long as possible. The maximum tracking 
time was about 50 hours. In order to minimize the grounding 
of these balloons and to optimize their radar tractability in 
the rough terrain of northern Nevada, these balloons were flown 
at 12,000 feet. 


Over a forecast time perlod of 6 to 24 hours, the standard vector 
deviation from the tetroon trajectory end point and the NTS forecaster- 
prepared trajectory end point was 55-60% of the total tetroon trajectory 
length. The same accuracy was obtained by the numerical forecast tra- 
Jectortes from Suitiand. The reconstructed trajectories done by NTS 
meteorotogists had a standard vector deviation from the observed tetroon 
trajectory of 36 to 57% of the tetroon trajectory path length. 


Examination of the data also indicates that there is a 50% chance 
that the vector standard error wi}) be Jess than 47% of the total path 
length for the forecast prepared by NTS forecasters. For "hind casts" 
prepared by the NTS forecasters, there was a 50% chance that the vector 
error wii! be less than 26% of the total trajectory path. Generally, 
the "hInd cast" trajectories were shorter in total path length than the 
observed tetroon trajectories. There is some rationale for believing 
that the tetroons, because they are restricted to constant density sur- 
faces, will tend to move faster than alr parcels which could move up 
and down more (see discussion at end of Reference 5). 


It ts a little surprising In all of these studies to see that the 
“hind cast" trajectories are not much better than the forecast. The 
sparseness of upper wind data would contribute to this. In particular, 
the terrain in northern Nevada and the Rocky Mountain states would have 
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a significant effect on the path of the tetroons studied by Allen, et al.? 


The meteorologists at NTS attempted to altow for terrain effects on thelr 
forecasts for the first few hours of the trajectory. However, at late 
times they relled on ESSA prognostic charts from Suitland, Maryland. [n 
these numerical models the terrain Is grossly smoothed. This ‘ack of 
terrain effect was also very evident in the numerically prepared tra- 
Jectory forecast from Sultiand. Terraln may also help explain why the 
average error between forecast and tetroon trajJectorles Is like 50-60% 
for the Nevada studles, whereas for the constant level balloons at 

higher altitudes the error was 20-30%. 


It 1s also true that tong trajectorles and smooth "flow" tend to 
have less percentage error. The smooth flow makes the lack of spactal 
resolution In the data less critical. Long trajectorles also tend 
toward a more climatically averaged transport speed. 


A low-level trajectory study done by Peterson® compared tetroon 
trajectories at 500-1000 feet above the ground, with reconstructed 
trajectories using an adjusted surface wind, a surface geostrophic 
wind, a second standard level wind, and a 5000-foot wind. The tra- 
jectory construction technique In al! cases was the central tendency 
method. The basic tetroon data was a card mailed back from wherever 
the tetroon was found. Thus the landing point was known, but not 
necessarlly the path between launching and landing. 


Out of these data It was possible to show that the reconstructed 
trajectory using the adjusted surface wind, adjusted for speed change 
with helght and for veering with height, gave the best fit to the ob- 
served landing posItion of the tetroon. 


All of these systems of reconstructing trajectories were unsuc- 
cessful in cases of rough terrain and in cases of interaction with 
frontal surfaces. 


In reality it {s necessary to deal with air parcels which follow 
isentropic surfaces. Isentropic surfaces may or may not coincide with 
isobaric or constant height surfaces. 


In particular, isentropic surfaces are nearly paralle! to frontal! 
surfaces and thus alr parcets rise over fronts. Routine isentropic 
forecasts were not and are not avaifable to compare with observations 
of "tagged" air parcels. Isentropic “hind casts" have been used a 
great deal as a dlagnostic tool; this is particularly true for stratos- 
pheric trajectories. The framework for Isentropic trajectory fore- 
casts Is available,7»8 but it needs to be put to routine use. 


Lastly, In closing thls discussion of trajectory forecasting It 
shoufd be mentioned that ESSA current{y runs a trajectory forecast 
Program at the numerical weather prediction unit at Suitland, Maryland. 
The trajectory forecast uses a central tendency method and linear 
interpolation between the grid points used In sIx-layer primitive 
equation model.9 At each hour during the computation of the 48-hour 
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forecast, wind direction and speed Is tabulated at each grid point 
and for a variety of heights. Trajectorles are then prepared uti- 
{izing one-hour time steps and these forecast winds. Trajectories 
can be run at several different heights and with several different 
starting points. Unfortunately, a comparison of these computer 
trajectories with tetroon data or even reconstructed trajectories 
has not been done yet. 


UNDERGROUND ENGINEERING APPLICATIONS 


Most conceivable underground engineering applications would be 
done with the Plowshare device buried too deep for there to be any 
significant probability of a dynamic venting. !f any venting occurs, 
it most likely will be in the form of a small continuous leak of 
volatile radionuclides. This effluent would be carried downwind by 
the local, near-surface wind pattern. The diffusion of this con- 
tinuous plume of effluent would be well described by the Gaussian 
plume diffusion modei. This model {fs represented by Equation (1): 


2 . 22 
V2 |b, * 2 
Zz 


%y 0 


x=__ Qo () 


x = the concentration, pCi/m> 
Where: Q = the source, pCi/sec 
y = the crosswind distance from plume axis, m 


Oy = the standard deviation of the crosswind Gaussian 
distribution of concentration, m 


z = the vertical distance from the plume axis, m 


oz = the standard deviation of the vertical Gaussian 
distribution of concentration, m 


u = the mean horizontal wind speed, m/sec 


Various forms of Equation (1) have been wel! studied in the 
meteorological literature for the last 30 years. The books by Sutton, !° 
Pasquilt,!! and the recent (1968) Issue of Meteorology and Atomic Energy, '4 
give good reviews of plume diffusion. For our purposes here, it Js suf- 
ficient to say that one needs to know the leak rate, the wind speed, and 
oy and oz in order to evaluate Equation (1). If the leak Is surface-based 
and if surface concentrations are desired, then z = 0 and Equation (1) 
is multiplied by two. Much of the discussion of this equation in the 
meteorological literature has hinged upon different ways of evaluating 
oy and o, as functions of atmospheric stability, wind speed, and distance 
downwind. 
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The most useful and realistic method of evaluation oy and o, is 
to use the many diffusion tests, which have been done over the years, 
to evaluate o, and oz as a function of distance under different atmos- 
pheric conditions. Thus, these standard deviations are empirically 
determined from concentration data for different meteorological condi- 
tions. Figures | and 2 give the variation of these parameters with 
distance and with atmospheric stability. This presentation of the 
data was originally done by Pasquill!3 in 1961. Concentration data 
obtained since then !2 stil! fits these categories. 


Table | gives a qualitative description of the stability cate- 
gories. This description was originally proposed by Pasquilt.!3 
These stability categories have also now been related to the standard 
deviation of the wind direction fluctuation when the sampling tIme 
for wind directions is about a half hour.!2 This relationshlp is 
given in Table 2. 


This approach to evaluating the diffuslon of continuous point 
sources has become standard practice. There is enough expertence 
now with these nomographs to Indicate that they work reasonably wel 
when the time of effluent emission is long compared to the travel 
time to the sampler and when the time of plume passage past the arcs 
of samplers is about an hour or jess. The reason for the latter com- 
ment is that almost all of the plume diffusion experiments have been 
done for sampling times of about a half hour to an hour. If longer 
sampling times were used in the experiments, the values of o, and oz 
on Figures | and 2 would be larger. In order to evaluate the exposure 
at some point downwind, the concentration should be calculated for 
averaging periods of about an hour. Wind direction data can then be 
used to determine how many hours the plume might be over a particular 
point downwind if periods of longer than an hour are involved. 


CRATERING APPLICATIONS 


The majority of the effluent which might be released by a 
cratering application would be released almost instantaneously and 
as a large volume source. This large volume source will be diffusing 
as it travels along its trajectory. Diffusion will be with respect to 
a coordinate system which moves with the large volume source. Hence 
the statistics of turbulent diffusion are considerably different for 
this source than they are for the continuous plume. 


In classical diffusion theory, there are analytical solutions for 
an instantaneous point source. These result In a spherically symmetric 
Gaussian cloud or puff. However, these solutions are not app!Icable 
for the large volume sources that would be generated by a Plowshare 
cratering application. For Instance, as time approaches zero in the 
instantaneous point source, the concentration goes to infinity. This 
implies an infinite exposure rate which is unrealistic. Yet, realistic 
estimates of early time exposure rates are needed. 
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Let us assume that the fraction of nuclides produced whlch are 
vented to the atmosphere [s independent of the explosive yleld. Then 
the Inittal cloud concentration, for those nuclides whose production 
Is directly proportional to the yleld, Is independent of yleld. This 
Is because the Initiat volume of the volume source {s almost directly 
related to yleld.!4 Thus, as the yleld increases the nuclide pro- 
duction tncreases and the Initial votume, within which the effluent 
Is distributed, Increases {n about the same proportion. Total ox- 
posure Is dependent upon cloud passage time as wel} as upon concen- 
tration. Assuming a constant wind speed during cloud passage, the 
exposure time Is directly related to a cloud dimension. Any one 
dimension of this Initial volume source Increases about as the cube 
root of the yleld. Thus, as yleld Increases, total exposure ex- 
perfenced by an Individual In the path of the effluent only increases 
as the cube root of yield. 


For those nuclides whose production Is Independent of yield, the 
Initial concentration Is Inversely proportional to the yleld. The 
total exposure to this type of nuclide, from a passing cloud Is in- 
versely proportional to the 2/3 power of the yleld. 


After a day or two, when the effluent size is measured in the 
hundreds of kilometers, the effluent doasn't know what Its original 
slze was. Thus, the Initlal size associated with the effiuent is 
not Important when one Is concerned about very late time concentra- 
tions. 


Another reason that the classical diffusion theory instantaneous 
polnt source solutions are not applicable to targe volume sources 
generated by Plowshare cratering applications Is that analytical] solu- 
tions require the assumption that the atmospheric diffusivity is inde- 
pendent of time or space. In fact, the rate of atmospheric diffusion 
is dependent upon the scate of the process and thus Increases with time. 


Therefore, at Tbe Lawarence Radiation Laboratory (LRL) a numerical 
model was developed'” which Incorporates, In a rational way, what is 
currently known about atmospheric diffusion of large clouds. 


The numerical model Is two-dimensional; three-dimenslonal dif- 
fuston Is obtalned by assuming circular symmetry about a vertical 
axls. The basic differentla! equation to be numerically integrated is: 


8X 2 2 
eK sy + 1 sx] + 8 IK, ox (2) 
2 c 6r 6z 6z 


where x Is concentration per unit volume, r is radial distance from the 
axls of symmetry, z ts vertical distance, K. and K_ are radial (or hori- 
zontal) and vertical diffusivity, respectively. R&dial diffusivity Is 
assumed to be Independent of helght, and vertical diffusivity Is Inde- 
pendent of radial distance from the cloud center. The diffusivities are 
determined by the turbulent properties of the atmosphere and the scale of 
the cloud. 
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The solution of Equation (2) Is stralghtforward. The secret of 
success Iles In the manner In which the horizontal and vertical dif- 
fusivities are specified as a function of time and space. In the 
numerlca!l model being described here, the predictions of similarity 
theory as applied to atmospheric diffuston!6 area used to predict the 
horizontal diffusivity as a function of the cloud slze and as a func- 
tlon of the turbulent properties (specifically the turbulent dissipa- 
tion) of the atmosphere. 


In the case of Kz, the sImilarity predictions for ki fometer- 
slzed clouds would result In unrealistic values used near the ground 
surface. Because there are much data on near-ground surface vertl- 
cal diffustvities and some data on how these vary with helght, It 
was decided to let K, be an arbitrary function of height and time. 
This would also allow us to "mock up" the effects of temperature In- 
verslons In the free atmosphere on vertical diffusion. However, the 
computer code currently uses the simplified form of K, as a function 
of helght, as glven In Figure 3. Therefore, K, Is allowed to Increase 
IInearly with helght [n the boundary layer and ther Is held constant 
with helght until the top of the mixed layer Is reached. it Is Imp!ted 
that the environmental lapse rate Is almost dry adiabatic to the top of 
the mixed tayer. Above this helght, vertical diffustvity Is allowed to 
decrease with helght until It reaches a prescribed "ambient value” for 
the free atmosphere. The depth of the boundary layer, the altitude of 
the top of the mixed layer, the altitude of the stable layer, the value 
of K, at one meter above the ground, the value of K, Immediately above 
the Fop of the boundary layer, and the value of K, above the stablizing 
Inverston are all Input parameters. tn the current version of the 
numerical model these parameters along with time, altitude above mean 
sea level of the ground, helght of the cloud center, atmospheric dls- 
sipation, and ralnfal! rates are read In as an input table. Thus, all 
of these parameters can be arbitrary functions of time. The numerical 
model Interpolates |Iinearly between values specified at discrete time 
Intervals. it Is obvious that al! of these K, parameters are not wel! 
measured for any one particular event. Nevertheless, It should be 
polnted out that all of the detaiis of Kz which are so {mportant for 
micrometeorologlca! calculations are not as important for predictions 
of the gross characteristics of large volumes of effluent. By an 
examination of upper air temperature and wind data and judicious use of 
micrometeorological studles In the surface boundary layer, reasonable 
estimates of these turbulent parameters can be made for any particular 
event. 


The geometry assoclated with the numerical model is depicted in 
Figure 4. As Is evident from this figure, the numerical model assumes 
circular symmetry. This Is a weakness in this particular model because 
it Is not then possibie to explicitly handle accelerated diffusion 
caused by persistent (in time) changes In horizontal wind speed and/or 
direction throughout the depth of the effluent. 


There are several nondiffusive effluent depletion mechanisms In- 
cluded In the numerical model. Non~fatiing but near-ground surface 
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effluent tends to deplete some of its material to the ground by fm- 
paction of submicron particles on vegetation or by absorption of gas 
by vegetation. In atmospheric diffuslon problems, thls form of de- 
pletion is usually handled by multiplying an emptricalty determIned 
deposition velocity times the ground level air concentration. This 
results in a net flux of material toward the ground. Deposition 
velocities have been empirically determined for different radio- 
nuclides. The numerical mode! being discussed here uses this approach, 
with a deposition velocity being specifled as an input parameter. As 
part of the concentration calculations, there resufts a ground-level 
concentration value. This is multip!ied times the deposition velocity 
and integrated over time of cloud passage to calculate total de- 
posited amount on the ground. The amount deposited is also depleted 
from the lower part of the cloud In this calculation. 


Another nondiffusive depletion mechanism is precipitation 
scavenging. There are two forms of precipitation scavenging, one called 
washout and the other cafled ralnout. Washout refers to the removal of 
particulate matter by rain drops falling through a cloud of particulates, 
coltiding with the particles, and then carrying them on to the ground. 
Ratnout refers to the condensation of water vapor on particutate matter 
and then their subsequent scavenging. The washout mechanism is the only 
one handled so far in this numerical model. Washout is dependent upon 
the precipitation rate and the particle size of the effluent being 
washed out. [{n calculations done with this numerical model, the pre- 
cipitation rate is input as a function of time. The coefficients which 
are associated with particle size are put in at the beginning of a cal- 
culation. It should also be noted that the top of the precipitation 
scavenging can be independently speclfied in this numer!cal model. 


The radioactivity decay of gross fission products as well as specific 
nuclides can be handled within this numerical model. 


A typical calculation starts with the geometry of the stablized 
{motions which were Initially responsible for producing the cloud are 
no longer important) cylindrical volume source and a Gaussian distri- 
bution of activity within this volume. Concentrations and deposition 
are calculated over the time period of interest, which may be several 
days, according to the input atmospheric turbulent parameters and non- 
diffusive depletion mechanisms along the effluent's trajectory. If the 
calculation is being performed in a diagnostic sense, after the event, 
then the meteorological parameters are those which are observed along 
the trajectory. If It Is a calculation being done before the event, 
the along-trajectory meteorology may come either from climatology or 
from Immediately pre~shot forecast meteorology. 


Since the development of the numerical mode!, case studies are 
beIng done {n order to see how well the mode! works against data. Be- 
fore presenting some case study data, It should be noted that it is 
extremely difficult to obtain airborne concentration measurements with 
enough time and space resolution to determine the "representativeness" 
of each sample. In other words, was the sampie taken within the 
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majority of the effluent? In order to answer this question, much data 
are needed. It should be noted on the flgures to follow that the con- 
centrations are given in pCi /m> with the radioactive decay being in- 
cluded. I+ should also be remembered that norma! atmospheric back- 
ground has not been subtracted from these data and that this back- 
ground value is about one pCi/m-. 


The NRX/EST EP-4A nuclear rocket engine test of March 25, !966, 
was the first case study done. As such, no climatologica! or fore- 
cast calculations were done ahead of time. Thus, in Figure 5 we see 
the diagnostic calculation using the along-track observed meteorology 
and the measurements. All of the available aircraft data are plotted 
on Flgure 5. It is obvious that much of the data was taken on the 
fringes of the cloud. An examination of the location of each filter 
sample with respect to the majority of the cloud also would lead one 
to this conctuslon.!7 I+ should be emphasIzed that, on Figure 5 and 
on the figures to follow, an initial amount of radioactivity in the 
cloud and the along-track meteorology are used in the calculation. 
There is no attempt to normalize the diffusion calculations to the 
observed alrborne concentrations. 


Figure 6 shows calculations and data for the Phoebus IB-EP-4 nuclear 
rocket event of February 23, 1967.18 In this case a climatological fore-~ 
cast was prepared ahead of time, using pre-event predictions for the radio- 
activity in the cloud and along-track climatology for the meteorology. 
There was no precipitation along this effluent trajectory, and the dif- 
ferences between the climatological and diagnostic prediction curves on 
Figure 6 are the result of differences in along-track turbulence. Again, 
all data available from aircraft are plotted on this figure. Thus, much 
of it is on the fringes of the cloud or just plain background levels. The 
altitudes of the effluent Involved in Figures 5 and 6 were in the 8000- 
to 12,000-foot MSL range. 


For the Plowshare cratering experiment, Cabriolet, of January 26, 1968, 
three different types of predictions were prepared. A climatological 
forecast using pre-shot estimates of alrborne radioactivity was per- 
formed several! weeks prior to execution. A forecast calculation was 
prepared using the pre-shot estimates for source term and forecast along- 
track meteorology as of about four hours prior to execution. Lastly, 
the diagnostic calculation has been prepared post-shot, using observed 
along-track meteorology and observed source term data for chemistry. 

These three types of calculations and the observations are presented In 
Figure 7. In this event the climatological and forecast calculations 
were made using the total amount of radioactivity expected; this would 

be related to exposure rate measurements within the effluent. This to- 
tal included the gaseous products. The diagnostic calculation on 

Figure 7 was prepared using only the particulate activity. [+t is this 
particulate activity which would be collected on filters. This difference 
amounts to about a factor of two from H+! to H+IO hours. At later times, 
say at H+50 hours, the contribution of the gaseous products to the to- 
tal activity is negligible. This comment explalns some of the difference 
between the forecast and climatological prediction and the diagnostic 

on Figure 7 at times of H+l to H+10 hours. 
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The hol low sygbo!s on Figure 7 are exposure rate measurements 
converted to pCi/m? with the assumption that the sample was taken 
in the middle of an Infinite volume of effluent. The solid symbols 
are filter data. Only data which are considered to be reasonably 
representative of Cabriolet concentrations are presented In Flgure 7. 


The differences In the three types of predictions, which be- 
come apparent around H+10 hours, are the result of there being no 
precipitation In the climatological forecast, whereas, In the fore- 
cast calculation the precipitation was forecasted to start at about 
H+10 hours. In the dlagnostic catcutation, precipitation started 
at about H+8 hours. There Is also some difference between the total 
amount of precIpItation forecast and that observed. 


Figure 8 glves the measured and calculated alrborne concentra- 
tlons for the Plowshare row-cratering experiment, Buggy, which was 
executed on March 12, 1968. The format of the data presentation Is 
the same as was on Figure 7 except that at! of the measurements are 
Included. The climatological calculation ts the only one presented 
here and It Includes both the gaseous as well as particulate ma- 
terial. The forecast calculation Is avallabie, but there is littie 
difference between It and the climatological and thus it is not added 
to the flgure. Agaln, at times later than H+I0 hours the contribu- 
tion due to the gaseous {!s small compared to that due to the fine 
particulate matter. Thus, at these times the filter data can be 
directly compared to the calculation. A complete analysis of the 
Buggy event Is not finished as of the time of the preparation of 
thls paper. Therefore, no diagnostic calculation Is presented for 
Buggy. However, It !s not expected to differ by more than a factor 
of two or three from the climatological calculation presented In 
Figure 8. There was no significant precipItation atong the trajectory 
of the Buggy effluent. 


From these case studles !t appears that the calculations made 
with the numerical mode! lead to airborne concentrations over time 
perlods of a couple of days, which are within a factor of two of the 
measurements. This Is considered quite good by this author when one 
considers the difficuity of numerical modeling on this time and space 
scale, and when one considers the dynamic range of 8-10 orders of 
magnitude Involved In the concentrations. 


A varlety of other parameters are calculated with the numerical 
model. However, In the Interest of brevity, only one other type of 
calculation wil! be presented here. This Is a calculation of the 
deposition of materia! along the ground under the center of the 
volume of efftuent. It must be stressed that thls Is not a fallout 
calculation. Deposition In this numerical mode! results from a 
turbulent impaction of submicron particles on vegetation, utitizing 
the empirical depos!tion velocity concept, and/or that material de- 
posited by precipitation scavenging throughout the cloud. Figure 9 
{s such a deposition catculation for fodine-131 for Cabriolet. The 
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data on this figure come from two sources: (1) Public Health Service 
(PHS) milk samples, and (2) material deposited on large plastic sheets 
which were Jocated downwind and which are coated with a sticky sub- 
stance. These data are probably only accurate to within a factor of 
two. The difference between the climatological and the dlagnostic 
curves of Figure 9 at distances of 10-100 kilometers Is one of source 
term. Pre-shot, seven to elght times more iodine-13! was expected to 
be vented than was actually observed. The other significant dif- 
ference Is the large peak In the dlagnostic calculation about 400 

kl lometers downwind. This was a result of the Interaction with snow 
shower activity In Cabrlolet. The two milk samples above thls hump 
were both collected In a "snow-out area." The remalnder of the milk 
samples was presumably collected In areas for which there was no 
s{gnificant precipitation. The surface depos!tion data between 600 
and 700 kilometers downwind was all! snow data. The snow which fell 

on plastic sheets was bundled up and taken back to the laboratory for 
analysis. The range In values at this distance Is the result of these 
samples belng collected along a I!ne which traversed the path of the 
effluent cloud. The hump In the climatologica) calculation at about 
1000 kl lometers Is a result of depletion of effluent near the ground 
at night. On the next day verticai diffusion rates Increase, more 
effluent diffuses down to near ground levels, and then the dry depost- 
tion Increases. 


Figure {0 is the todine-131 deposition, calculations and measure- 
ments for Buggy. As the diagnostic calculations have not been performed, 
only the climatological one is presented here. There was no precipita- 
tion scavenging In Buggy. 


In both Figures 9 and 10, all avallabte data beyond about [00 
kl lometers are presented. Some locations are obviously closer to the 
path of the cloud center than are others. 


SUMMARY 


For the most part, trajectory predicting methods use wind data on 
isobaric surfaces and/or constant height surfaces and have accuracles 
of 20-60% of the total trajectory length over time periods of a day or 
two. Trajectories at Jow altitudes and particularly over rough terrain 
are the most difficult to forecast and have the worst accuracies in the 
above statistics. It is possible, however, to recognize meteorological 
situations which would result In a hlgher than average accuracy in tra- 
jectory predictions. A significant Increase In trajectory forecasting 
accuracy, particularly at low levels, will probably not occur until 
observational data becomes available with more spacial resolutfon than 
is avallable now. For instance, the horizontal spacing between wind 
observation stations in the U.S. iS around 300 kl lometers. 


Air parcels foilow isentropic surfaces. As Isentropic trajectorles 


do not necessarlly colncide with Isobartc or constant helght surfaces, It 
would be useful to perfect Isentropic trajectory technique for routine use. 
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Although the mechanisms of turbulent diffusion are not yet wel | 
understood, there has been much experience with the use of Gaussian 
plume models to describe the diffusion from continuous point sources. 
Thus, in this paper only a brief review of the subject of diffusion 
from continuous point sources has been done. The only intent here 
was to show that such procedures do exist and to show how they are 
used. 


The diffusion of almost instantaneously produced large volume 
sources of pollutants for time periods of a few days has not been 
well studied in the past. Thus, a major portion of this paper was 
devoted to discussing a numerical model, developed at LRL, of the 
large cloud diffusion processes. This numerical model uses the 
similarity theories of atmospheric turbulence for horizontal dif- 
fusion and permits the use of time- and height-dependent vertical 
diffusivities. Although not well vindicated for the diffusion of 
kilometer-size clouds, similarity theory predictions are consistent 
with the available atmospheric data. 


The depletion of the cloud by ground deposition and precipi- 
tation has been included in the model, but the diluting effects of 
vertical shears in the horizontal wind field have not been included. 
Parameter studies indicate that the effect of any one atmospheric 
parameter is not too important on the long-term concentration calcu- 
lations. However, the elimination of many of the real physical para- 
meters in this model would have a significant effect on predictions. 
With the existence of such a numerical model, it is easy to perform 
sets of calculations with different possible real physical situations. 
This could give an expected range in concentration predictions for 
any particular application. Calculations using this numerical model 
for four case studies have indicated that accuracies of about plus 
or minus a factor of two in airborne concentration for time periods 
of a few days. The same range of accuracy Is applicable to the long- 
range deposition calculations. I+ is satisfying to this author that 
these kinds of accuracies can be obtained with the model over such 
a period and over such a dynamic range in the concentration values. 
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Table |. Relation of turbulence types to weather conditions. 


* 
A -- Extremely unstable conditions D -- Neutra! conditions 
B -- Moderately unstable conditions E ~- Slightly stable cond!Itions 
C -- Slightly unstable conditions F -~- Moderately stable condi tions 


Nighttime conditions 


Thin overcast 


Surface wind Daytime insolation or > 4/8 < 3/8 
speed, m/sec trong Moderate Slight cloudiness cloudiness 
<2 A A-8B B 
2 A-B B c E F 
4 B B-C Cc 9) E 
6 c c-O0D 8) D D 
>6 c o is] D D 


* 
Applicable to heavy overcast, day or night 


*the degree of cloudiness Is defined as that fraction of the sky above 
the local apparent horizon which is covered by clouds. 


265 


Table 2. Relationship between Pasquill stability categories and the 
standard deviation of the wind direction fluctuatton over 
30 minutes. 


Pasquill stability categories 


A, extremely unstable 25.0° 
B, moderately unstable 20.0° 
C, slightly unstable 15.0° 
D, neutral 10.0° 
E, slightly stable 5,0° 
F, moderately stable 235° 
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&— EXTREMELY UNSTABLE 
B~ MODERATELY UNSTABLE 
G— SLIGHTLY UNSTABLE 
0 - NEUTRAL 

E— SLIGHTLY STABLE 

F — MODERATELY STABLE 


©, . VERTICAL DISPERSION COEFFICIENT (m) 


10? 2 5 108 2 5 lof 2 5 108 
DISTANCE FROM SOURCE (m) 


Figure 1. Vertical diffusion o, versus downwind distance from source 
for Pasquill's turbulence types. 
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A- EXTREMELY UNSTABLE 
@ - MODERATELY UNSTABLE 
C - SLIGHTLY UNSTABLE 1 
O- NEUTRAL 

€ - SLIGHTLY STABLE 

F —- MODERATELY STABLE 


y 


@,, HORIZONTAL DISPERSION COEFFICIENT (m) 


DISTANCE FROM SOURCE (m) 


Figure 2. Lateral diffusion ay versus downwind distance from source 
for Pasquill's turbulence types. 
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Figure 3. Model for vertical diffusivity as a function of height. 
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Figure 4. Grid system for the numerical diffusion model. 
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Figure 5. Calculated and measured airborne concentrations as a 
function of time for the NRX/EST EP-4A event of 
March 25, 1966. 
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Figure 6. Calculated and measured airborne concentrations as a 
function of time for the Phoebus IB EP~IV event of 
February 23, 1967. 
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Figure 7. Calculated and measured alrborne concentrations as a 
function of time for the Cabriolet event of January 26, 1967. 
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Figure 8. Calculated and measured airborne concentrations as a 
function of time for the Buggy event of March 12, 1968. 
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Figure 9. Calculated and measured iodine-131! deposition as a 
function of distance for the Cabriolet event of 
January 26, 1968. 
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Figure 10. Calculated and measured Iodine-13| deposition as a function 
of distance for the Buggy event on March !2, 1968. 
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QUESTIONS FOR TODD CRAWFORD 


From Alex Grendon: 


Was it a slip of the tongue when you said that dilution was inversely 
proportional to wind speed and hence earlier arrival at a given point 
Is accompanied by greater dilution? 


ANSWER: 


No, I'm not sure of the use of the term "inversely." If you look 
at concentrations as a function of distance downwind, it's got 
wind speed on the bottom of the denominator. So as wind speed 
goes up, concentration goes down. That's what | meant to say. 


From Alex Grendon: 


How would you Interpret the horizontal line for the surface in the 
graph of Kz vs. height? It seams to imply that Kz near the ground 
is indeterminate, 


ANSWER: 


}'m not sure | completely understand the question, but the bottom 
curve on the graph | showed was a ground surface which was a hori- 
zontal line. Then | had a surface K, coming back to some low value 
which | think on this particular example was 10>. No, it Is not 
zero at the ground and the values range at one meter trom a few 
hundred centimeters squared per second at nighttime to a few 
thousand in daytime. 


From Frank Baker: 


Can you predict the effects of a heavy rainfa!i on the deposition of 
radioactive fallout? | am assuming that you purposely detonated an 
explosive to coincide with the rain. 


ANSWER: 


Well, the example | showed was a calculation for Cabriolet in a snow 
storm and this was in a factor of 2 accuracy. I am the first to 
admit that our understanding of all of the precipitation scavenging 
mechanisms and the mechanics of a good heavy thunderstorm are not 
very well known. But, | think we can make a good stab at it and 
calculate the effect of a detonation in a heavy storm. 


From T. C. Rozzell: 
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(In the four case studies presented for concentration of radioactivity 
as a function of time in the cloud, what radioactivity was measured-- 
was It total or of one isotope such as jiodine-1I3! used in the deposi- 
tion study? 


ANSWER: 


The curves | showed for the four case studies were total activity. 


From George Collins: 


Are standard values of diffusion parameters such as those of Pasquill 
always used for predicting short-term micro-meso scale dispersion 
patterns, or are these parameters determined from on-site measure- 
ments where the detonation is to take place? 


ANSWER: 


There are two sides to that question. The discussion of Pasqui |! 
categories is related to the underground engineering, smal} gaseous 
leak kind of phenomena. That could be easily determined by a very 
general categorization of on-site weather and it would be used. The 
other question perhaps relates to the parameters used in the large 
cloud diffusion model which is not necessarily Pasquill's category. 
Those would also be determined from an examination of observed 
weather or forecast weather depending on the kind of forecast or 
what kind of calculation you were doing. Yes, on-site and near- 
cloud data are used. 


From L. Anspaugh: 


Your calculations evidently depend on an initial measurement of cloud 
concentration. How well can this initial value be predicted for a 
cratering shot? 


ANSWER: 


They don't depend so much on an initial value of concentration as they 
do on an initial estimate of total curies to put in the cloud. And 
the best way of answering that is to refer to the two Cabriolet and 
Buggy case studies |! showed where the climatology, of course, had a 
calculation and pre-shot estimate of total curies, and post-shot cal- 
culations have actual measurements of total curies. 


From William King: 


Empirical values of o, and O2 were obtained from observing particulate 
behavior. Do gases a} ftuse in a similar manner or do you use different 
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values for predicting concentration of gases? 
ANSWER: 


In the context of my talk, we have been talking about both gases and 
particulate. If we have been talking about particulate, we have been 
talking about particles which are too smal! to act much like a particie-- 
act more gas-like. So the answer to your question is that | used the 
words particulate and gaseous interchangeably, but with the assumption 
that the particles are too small to have any significant fall speed. 


From C. A. Pelletier: 


Apart from the health significance, clouds of radioactivity can be a 
nuisance to other nuclear operations by setting off stack monitors, 
contaminating low-level experiments, etc. Is it possible to give 
warning to these facilities in terms of estimated arrival time, and 
cloud concentrations? 


ANSWER: 


Yes. 


From Darryl Randerson: 


The presence of a cloud of radioactive debris is associated with an 
internal boundary condition, namely, a tight gradient of radioactivity. 
Finite-differencing schemes tend to "smooth-out" this discontinuity at 
a physically unrealistic rate. In your model, were you able to resolve 
this difficulty? 


ANSWER: 


A mutual concentration as a function of distance about the cloud 
center in my model is a gaussian one, and horizontally it's always 
gaussian. Numerical errors don't diffuse it faster, but horizontally 
it is always gassian. It's not gaussian vertically because the 
diffusion rates are a function of height according to that slide | 
showed and also your deposition seems to wipe out the bottom of the 
cloud. 
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RADIOACTIVITY IN THE HYDROLOGIC ENVIRONMENT 


Louis B. Werner 
Isotopes, Inc. 
Palo Alto, California 


ABSTRACT 


Certain proposed uses of nuclear explosives 
for peaceful purposes will introduce radtoactive 
debris into the natural hydrologic environment. 
Consideration must therefore be given in each sit- 
uation to the extent and significance to man of 
resulting radtoactively contaminated water. For 
eontained underground detonations, space-time- 
eoneentration predictions of radioactive materials 
in ground water are dependent on several factors: 
vadtonuclide production and initial distribution, 
radioactive decay, sorption on geologic materials, 
and dispersion during hydrologie transport. For 
uneontained (cratering) detonations, other aspects 
of the hydrologte cycle, particularly rainfall, 
and watershed characteristics must be considered. 


Programs sponsored principally by the U. S. 
Atomic Energy Commission have investigated these 
factors. Examination of their net effects on 
radioactivity concentration in water shows that 
areas, tf any, underlain by water exceeding per- 
misstble concentrations tend first to increase 
in size, then decrease, and finally disappear. 
Hydrologie processes at the surface remove or re- 
distribute radioactive debris deposited on a water- 
shed to other locations. 


Where sufficient information is available, 
predictions of Location and concentration of radto- 
nuclides in natural waters can be made. Any po- 
tentially hazardous conditions artsing from a par- 
ticular detonation can then be evaluated. 


INTRODUCTION 


Drinking water and food derived from contaminated hy- 
drologic systems are potentially detrimental to man's health 
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and welfare. Concern for possible human consumption of water 
contaminated with radioactivity dictates consideration of 
possible contamination of the hydrologic environment. 


Radioactivity has always been present in water used by 
man. In fact, at times it has even been represented as bene- 
ficial. The prospect that harm is done by current consump- 
tion or use of naturally radioactive water appears doubtful 
in most instances. However there is no doubt that potential 
harm might result from uncontrolled releases of radiocontam- 
inants from nuclear explosives, nuclear power generation, 
and industrial uses of radioactive materials. 


The prospect for development of a major nuclear industry 
based on widespread use of nuclear explosives is at hand. 
Thus, it is quite appropriate to examine the Public Health 
Aspects of Peaceful Uses of Nuclear Explosives. Hydrologic 
contamination is relevant to this examination. 


As we have heard, many types of nuclear explosive appli-~ 
cations are under development. The presence of water in 
certain of these applications would be inconsistent with the 
objectives of the project. For example, construction of ef- 
fective gas and petroleum underground storage capacity would 
be infeasible in active water-producing media. On the other 
hand, applications such as canal construction, or water re- 
source development, inevitably would lead to contact of radio- 
active materials with natural waters. I should like to sug- 
gest that the significance of water contamination is not 
whether it may occur. Rather, the significance relates to: 

1) extent of the water resource which is affected; and 2) steps 
which can or must be taken to preclude use of unacceptably 
contaminated water. 


Prediction of extent of contamination of the hydrologic 
system by radioactive contaminants produced by an underground 
nuclear detonation requires analysis of the undisturbed hydro- 
logic system. Prediction also requires knowledge of the re- 
lationship of the explosion zone to the hydrologic regime 
and characterization of radioactive contaminants in the ex- 
plosion zone water. 


Processes of sorption, dispersion, and radioactive decay 
which take place both in the explosion zone and in the hy- 
drosphere outside the explosion zone must be considered. 
Because of unique combinations of nuclear devices, explosion 
application, and hydrologic system, each event-related eval- 
uation of hydrologic safety tends to be unique. 


Fortunately, the basic understanding of radioactivity 
in the hydrologic environment is relatively well advanced 
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in large part through programs sponsored by the Atomic Energy 
Commission and its laboratories. Important contributions 

have been made by the Lawrence Radiation Laboratory, U. S. 
Geological Survey and others. Public safety and public assur- 
ance programs conducted in conjunction with the weapons test- 
ing program have been supported by the Nevada Operations 
Office (NVOO). Much that is applicable to peaceful uses of 
nuclear explosives has been learned in these studies. Non- 
testing nuclear programs have also made advances in hydrologic 
safety. 


For the purposes of this paper however, I shall rely 
primarily on material developed under the hydrologic safety 
program of NVOO under Con¢rect AT(29-2)-1229. I shall quote 
occasionally from NVO-40,‘1) Technical Discussions of Off- 
site Bare ry Programs for Underground Detonations, and BMI 
171-016, ¢2) Hydrologic Redistribution of Radionuclides around 
Nuclear Excavated Sea-Level Canals in Panama and Colombia. 
This study was supported in part under subcontract with 
Battelle Memorial Institute Management Contract for Radio- 
logical Safety Feasibility Inter-oceanic Canal Studies under 
AEC Contract AT(26-1)-171. For more detailed information 
reference to these reports is recommended. 


I should like in this discussion to cover briefly the 
following points as they relate to predictions of hydrologic 
contamination: 


1) The hydrologic environment and its relationship to 
explosion effects. 


2) Interaction between radionuclides and water. 


3) Hydrologic transport and prediction of space- time- 
concentration of radioactive contaminants. 


4) Confidence levels in estimation of water contami- 
nation. 


5) Surveillance of Water Quality. 


6) Contamination Control. 


7) Implications of water contamination. 


THE HYDROLOGIC ENVIRONMENT 


It may be well first to review briefly the nature of 
the hydrologic environment and specifically the hydrologic 
cycle. Figure 1 shows the essential elements of the hydro- 
logic cycle. Precipitation as rain or snow ultimately either 


282 


runs off into streams or lakes or infiltrates into the soil. 
Percolation to the water table (zone of saturation) results. 
Ground water flows in a direction dictated by hydraulic po- 
tential, i.e. from regions of higher hydrostatic to lower 
hydrostatic potential. Springs, lakes, rivers, plants and 
the ocean are replenished with fresh water. Water leaves the 
ecean, lakes and rivers py evaporation, and plants by tran- 
spiration. 


A diagrammatic model containing essentially these same 
features is shown in Figure 2. Elements of precipitation, 
runoff, infiltration, recharge, groundwater flow, etc. are 
identified. An analogous diagrammatic model of radionuclide 
redistribution by water can be drawn as shown in Figure 3. 
This model indicates movement and storage of radionuclides. 


Volatile constituents, for example tritiated water, will 
travel all paths of the hydrologic cycle. Soluble radio- 
nuclides move with the water except during evaporation but 
are retarded because of plant uptake and sorption on soil and 
rock particles. On the other hand, movement of particulate 
matter is largely restricted to surface water because of the 
filtering action of soil and rock. 


Subsurface conditions assume particular importance because 
intimate contact between water and essentially all of the 
radioactive debris is possible. 


The relationship of detonation effects to potentiometric 
surfaces is shown in Figure 4. Four detonation conditions 
are depicted schematically at varying scaled depths of burial 
corresponding to conditions of crater formation to complete 
containment. 


If the potentiometric surface, or water table, is below 
all explosion effects the hydrologic contamination possibi- 
lities are minimal. They would be limited to recharge from 
surface water, downward infiltration and radionuclide transport 
through unsaturated medium. Contamination of ground water 
ultimately might result. 


If the potentiometric surface is shallower but still 
beneath surface features, infill of rubble chimneys and crater 
fallback occurs. Where potentiometric surfaces are just be- 
low ground surface infill occurs. When an excavation or sub- 
sidence crater bottom is below the potentiometric surface a 
radioactive lake may form during readjustment of the poten- 
tiometric surface. If loss by evaporation is sufficiently 
low in relation to subsequent precipitation contaminated water 
will also flow into the ground water system from the crater 
in response to elevation of the hydrostatic level within the 
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crater. Outflow could result if a crater or rubble chimney 
intersects confined aquifers which have hydraulic potentials 
above ground level. This corresponds to an artesian condition. 


Fallout from cratering detonations is subject to leaching 
by rainwater. Contaminated water mav infiltrate the ground- 
water system, run off the surface, or be subject to plant up- 
take. Ultimately, by either surface or subsurface transport 
radionuclides may enter lakes, streams and the ocean. De- 
creases in concentration of dissolved radionuclides will be 
caused by dilution, dispersion, decay and sorption. Reconcen- 
tration within the biosphere is a possibility. 


Whenever a nuclear device is detonated below the poten- 
tiometric surface, the result is formation of a sink as shown 
in Figure 5. Ground water flow will be initially toward the 
sink until the potentiometric surface reaches equilibrium as 
shown in Figure 6. At this time outflow from the rubble in 
the explosion zone begins. 


During outflow from the explosion zone, contaminated 
water adjacent to the downstream side of the explosion zone 
will immediately enter the hydrologic system. Contaminated 
water within the explosion zone will be subject to processes 
that will change the concentration of the contaminant with 
time, such as dissolution of radionuclides from explosion 
debris and sorption or desorption of radionuclides upon sur- 
faces produced by the explosion. Uncontaminated water enter- 
ing the upstream side of the explosion zone also will become 
contaminated as a result of desorption and dissolution of 
radionuclides from rock surfaces as it moves through the 
explosion zone. 


Only simple examples of contamination of the hydrosphere 
by underground nuclear detonations have been discussed. It 
is probable that the section of rock intersected by the rub- 
ble chimney will consist of zones with varying hydraulic 
potentials and transmissivities. This hydrologic system, 
as modified by the nuclear detonation, will be complex. 
Interflow between aquifers, or outflow from craters might 
result. An analysis of the hydrologic system and of changes 
in the system caused by nuclear detonations is of utmost im- 
portance for predictions of hydrologic contamination. 


WATER CONTAMINATION SOURCE TERM 


Consideration will be given next to movement of the con- 
taminated mass of water through the undisturbed hydrosphere. 
Transport equations have been developed which enable calcula- 
tion of time- space- concentrations of radionuclides. Pri- 
mary input for these equations is the water contamination 
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source term. This source term is the initial concentration 

of radioactive contaminants in the explosion zone water where 
it is flowing out of the explosion zone. To provide the source 
term one requires the quantities of radionuclides produced 
initially and their spatial distribution in the explosion 

zone water. 


The species and quantities of radionuclides are deter- 
mined by device design and composition of the surrounding 
geologic emplacement medium and stemming materials. They 
can be estimated from knowledge of device design and per- 
formance. 


Radioactive contaminants probably will not be distributed 
uniformly throughout the explosion zone. Actual concentra- 
tion distributions have been measured in the field but too 
few data have been obtained as yet to produce a satisfactory 
theory. Present hydrologic contamination predictions assume 
conservatively that the radioactivity is evenly distributed 
through the explosion zone water, and that it is in water 
soluble form. 


To complete the source term calculation it also is neces- 
sary to evaluate the effect of transporting the contaminated 
water out of the explosion zone. 


Without going into a detailed discussion, it will be 
appreciated that such effects will be related to the character 
of the detonation and the hydrologic regime pertaining to 
each detonation. 


For purposes of illustration let us consider contained 
detonations and return briefly later to consideration of 
some aspects of cratering detonations. 


For the condition where flow is from the explosion zone 
into the ground water system the source term input to the 
transport equations will have a sharp front and a dispersed 
tail as shown in Figure 7. Dispersion, which relates to the 
distribution of velocities about the mean water velocity, 
in the explosion zone is responsible for this effect. The 
radionuclide transport equation requires a rectangular source 
term. The more complex but probably more realistic source 
term is approximated with a series of step functions. 


The concentration of radionuclides in water in contact 
with rubble of course cannot be derived solely from solubility 
or consideration of solubility product constants of compounds 
in which they occur. Sorption of dissolved radionuclides on 
rock surfaces or sediments reduces concentrations to values 
below those derived from such determinations and retards the 
movement of the radionuclides relative to the water velocity. 
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Water in the explosion zone and in the aquifer is in 
contact with large surface areas on which sorption can occur. 


The sorptive potential for various radionuclides on solid 
surfaces is determined by measuring the distribution coef- 
ficient (Kq) for the radionuclide. Rock and water from the 
zone of interest are used, if possible, in laboratory measure- 
ments of Kq. The distribution coefficient is defined as: 


Ka _ Activity of the radionuclide in the solid es Volume of water 
i Activity of the radionuclide in the water Mass of solid 
For the range of rock-water combinations, distribution 
coefficients for radionuclides have been found to vary over 
two to three orders of magnitude. The distribution coeffi- 
cient for a radionuclide is a quantitative index of the par- 


titioning of the available quantity of that radionuclide 
between the solid and liquid phases of the system. 


For example, a measured distribution coefficient of 
100 would indicate that about 1/600 of the available element 
is in the water and the rest is sorbed on the rock surfaces. 
In a rock the ratio of volume of water to mass of solid is 
a function of the porosity. 


TRANSPORT OF RADIOACTIVE CONTAMINANTS 


Having defined the idealized source term-- the initial 
body of contaminated water-- we can examine its subsequent 
movement through the hydrologic system. This movement takes 
place of course in the down gradient direction. The rate 
of flow of water outside the rubble and fracture zone is 
that of the natural system. But, the rate of transport of 
radionuclides is less than the rate of flow of water. Sorp- 
tion causes radionuclides, excepting possibly tritium, to 
be retarded relative to water. 


The retardation of sorbed radionuclides is expressed 
by the following equation: 


n A . Flow Rate of Water 
Flow rate of Radionuclide = Retardation Factor 
The retardation factor B is 


i- 9 
Bue Spe Ka 
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@ = fractional porosity 

o = grain density of rock 

Kq = radionuclide distribution coefficient 
K, was defined earlier as As , Vw 
| A, My 


Since the retardation factor is dependent upon both 
porosity and Kg, the retardation factor theoretically can 
vary from one to infinity. In practice retardation may be 
great enough essentially to stop movement of the radionuclide. 
An interesting point is that if, for example, 99% of the 
radionuclide is sorbed it will travel at 1% of the average 
water velocity. That is, the bulk will travel at this rate. 
Some of the radionuclide will travel as fast as the water 
(theoretically). Kg and B_ merely make it possible to relate 
Measurements on the same material in different physical states. 


The redistribution of a radioactive contaminant can be 
described ra a hydrodynamic transport equation as discussed 
by Fenske.(1) This equation, currently being used in the 
NVOO safety program, is an analytical solution in one dimen- 
sion of the differential equation describing transport of 
contaminants through porous media. The two-dimensional dis- 
tribution in a horizontal plane can be approximated by in- 
cluding an equation to estimate the effect of lateral dis- 
persion. 


Dispersion was defined earlier as the variation of water 
velocities about the mean velocity. Variations in mean ve- 
locities of water between streamlines through the aquifer 
as well as the explosion zone result in mixing of contaminated 
water with uncontaminated water, causing dissipation of sharp 
interfaces between contaminated and uncontaminated water : 
during hydrodynamic transport. During the transport of con- 
taminated water out of the explosion zone, the leading edge 
of the contaminant immediately enters the hydrologic system 
where, of course, it is subject to dispersion in the trans- 
port equation. The trailing edge of the contaminant slug, 
however, is also subject to dispersion resulting from trans- 
port within the explosion zone. 


Because of the inherent stratification of most rocks, 
the large horizontal distances compared to vertical distances 
involved, and the desirability of considering outflow at 
different outflow points along the vertical dimension of 
the explosion zone, the vertical dimension is not considered 
in the transport program, but can readily be modeled by using 
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the superposition of rectangular source terms as described 
earlier and shown in Figure 7. A large number of calcula- 
tions are required to describe temporal-spatial variations 

of concentrations of the radioactive contaminant. To facili- 
tate making the calculations, the transport equation has 

been programmed for a computer. The form of the transport 
equation defined by Fenske and Holly3) jis: 


x-vt/B x-v(t-to)/B 


C(x, t)=8C, 5 exp(-At) |erfe - erfe 
a 2v Dt7B 2¥ D Ct-t 5 )7B 
Cc 
0,0 
fo > 
Contaminant Transport Equation 
Where 

t = time measured from when the explosion zone outflows 

to = the original length of the slug in terms of time of 
transit 

x = distance from explosion point measured along a 
streamline 

a = radioactive decay constant of the radionuclide 

Vv = the average seepage velocity of ground water 

B =1+ 4% Ka = rvetardation factor 

10} = porosity of the aquifer . 

Ka = distribution coefficient of the radionuclide be- 
tween the solid and aqueous phase of the hydrologic 
system 

D = dispersion coefficient 

Cy at initial concentration of radioactive contaminants 

> 
a = one-half the variance of the radioactivity concen- 
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The equation describes the transport of a slug of con- 
taminated water that was originally rectangular. The first 
term in the brackets represents the effect of transport on 
the front of the slug. The second term in the brackets rep- 
resents the effect of transport on the rear of the slug. 

The exponential modifier preceding the bracketed expression 
corrects for radioactive decay. 


The solution presented above is not a complete solution, 
Several terms have been neglected because the simplication 
obtained is great and the error caused by the neglect of 
these terms is small. 


In most underground nuclear detonations the porosity 
and permeability of the explosion zone will be higher than 
the porosity and permeability of the surrounding undisturbed 
rock. As the contaminated volume of water flows into the 
ground water system it will occupy a larger volume of rock 
because of the smaller pore volume available and be lengthened 
in the longitudinal direction because of the higher ground 
water seepage velocity. The area underlain by contaminated 
water in the ground water system will be larger and of a 
different shape than the area underlain by contaminated water 
in the explosion zone. This effect is illustrated in Figure 8. 


Output from the program is a series of matrices that 
can be converted into contour maps predicting the area dis- 
tribution of radionuclide of interest with concentration 
isopleths. The present state-of-the-art does not permit 
the calculation of absolute concentrations with a high level 
of confidence. Ultimately a higher level of precision in 
concentration calculation should be possible. The probabi- 
lity is high, however, that calculated concentrations are 
equal to or above the actual concentrations. At the present 
time, instead of contouring concentrations, a line is drawn 
bounding the area which includes, with a high level of con- 
fidence, all concentrations above the maximum permissible 
concentration (MPC) for drinking water. Such a delineation 
is shown in Figure 8. Note expansion and contraction of 
areas underlain by concentration in water exceeding MPC. 
Similar contouring of concentrations up to 5xMPC have also 
been carried out. 


Whether MPC or concentrations in water above or below 
this level are relevant is outside the exclusive purview 
of the nuclear hydrologist. 


The objective of the nuclear hydrologist is to provide 
those physical data on water contamination from which an eval- 
uation of potential hazard can be made. By AEC directive 
values in current use in the NVOO safety program are based 
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upon concentrations given in USAEC Manual, Chapter 0524, 
Standards for Radiation Protection, Annex 1, Table II, 
Column 2, and reduced by a factor of three to be consistent 
with guidelines for uncontrolled areas. 


Reference has been made to hydrologic effects in nuclear 
craters. Craters may serve as a direct route for transfer of 
radionuclides into ground water. The reverse condition may 
also obtain where ground water infiltrates into the crater 
carrying soluble radionuclides with it. For the condition 
of a cratering detonation it also is necessary that transport 
of dissolved or suspended fallout and crater ejecta be con- 
sidered. This situation is more complex than that discussed 
earlier but is amenable to modeling and calculation. Con- 
sider the transport of contaminants dissolveg by rainwater 
as developed by Charnell, Zorich and Holly. As rainwater 
impinges on the soil surface, it contacts fallout radionu- 
eclides, some portion of which go into solution. Dissolved 
radionuclides are transported by runoff or soil infiltra- 
tion. Infiltrating water does not enter ground water directly 
but is subject both to evaporation and to transpiration near 
the surface in the root layer. In some tropical areas of 
high rainfall, runoff normally occurs in a layer near the 
surface rather than over the surface. Percolation to ground 
water occurs under favorable conditions. The proportion of 
a radionuclide that travels either to a stream or to the 
ground water depends upon the rate at which the rainwater 
percolates below the surface layer. In general, rate of in- 
filtration varies with time in a manner dependent upon pre- 
cipitation history for the watershed. Following a dry period, 
infiltration rate is relatively high. The rate will decrease 
during a storm, due to alleviation of soil moisture defi- 
ciency, swelling of colloids, and compaction of the surface 
by raindrops. The total amount of dissolved radionuclide 
removed in runoff is determined by the ratio of runoff water 
to total water available. 


The ground water system acts as a reservoir for water 
and dissolved radionuclides which are eventually discharged 
into streams. Migration of a radionuclide through the soil 
will be retarded relative to water due to sorption as dis- 
cussed earlier. 


As this brief description suggests, the complexities 
of the total hydrologic radionuclide transport system are 
very substantial. 


Simplifying assumptions were necessary not only to re- 
duce the problem to manageable size, but for correspondence 
between the degree of sophistication of the transport models 
and accuracy or availability of field data. 
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A summary of the equations which express quantities of 
radionuclide removed from the watershed in terms of the 
various hydrologic and physical variables and constants is 
shown in Figure 9. 


Where 
R = rainfall rate during the time interval At 
I = infiltrated water 
Q = runoff 
ET = evapotranspiration 
Qow = ground water flow 
ANL = amount of radionuclide removed per unit area by 
leaching alone 
Ee = fraction of radionuclide in the water ate 
a 
Ry = unit rain 
N = amount of radionuclide on the soil surface 
NR = total quantity of radionuclide in the runoff for 
the time interval At 
A = area of a watershed 
Ny = amount of radionuclide in infiltration 
No = amount of radionuclide in ground water 
By = volume of base flow over the time interval 
Ny = total radionuclide present in the reservoir 
a = ground water reservoir porosity 
HL = effective thickness of the reservoir 


This general model was applied by Charnell, et. al., 
to Route 17 in Eastern Panama. For this application it was 
necessary to divide watersheds into homogeneous subunits. 
Figure 10 shows for the fallout zone the sub-watersheds which 
were selected. Subdivision was accomplished by considering: 
1) precipitation amount; 2) precipitation runoff interrela- 
tion; and 3) initial radionuclide deposition. Size of the 
areas near the canal alignment were kept somewhat smaller 
than those farther removed in view of the greater variation 
and concentration of fallout deposition in this region. 


As an example, at a use point just down river from 


El Real, water is contributed from both the Chucanaque and 
Tuira Rivers. At that point, water and radionuclide would 
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be contributed from sub-watersheds denoted as 6, 7, 8, 9, 

11, 12, 13, 14 on Figure 10. Field information indicated 

that these sub-watersheds have similar geologic and hydro- 
logic characteristics. 


It was assumed that strontium in fallout might be dis- 
tributed in an exponential manner away from the canal at 
completion of excavation. This was represgnted by one ac- 
tivity unit per square kilometer (A.U. km™ 3 on sub-watersheds 
6, 7, and 11, decreasing to 0.0001 A.U. km™* on 14. 


Following deposition, rainwater would leach strontium 
from the fallout and carry it downstream to the use point. 
A precipitation pattern was approximated by using the average 
quarterly rainfall rates. Some of the results of the cal- 
culations are the following: 


After one year, about 20% of the initially deposited 
strontium was calculated to have been removed from 
each sub-watershed surface by leaching and radio- 
active decay. Surface runoff would carry this 
material past the use point with a concentration, 
at the beginning of the year, of about 107 A.U. 
per liter. Near the end of the year the concentra- 
tion of strontium-90 in the river water would de- 
crease only by a factor of 2 to 0.5 x 107 A.U. 
per liter. During this same period, ground water 
would contribute strontium to the use point ina 
concentration that is nearly 4 orders of magnitude 
lower than that by surface runoff. 


A smaller distribution coefficient would cause a 
much higher concentration in the river water in- 
itially. Removal by leaching would be very ef- 
fective and the.concentration in river water would 
decrease rapidly. By extrapolation tritium with 

a very low distribution coefficient, would be re- 
moved from the surface almost entirely by the 
first rain. There would be a tritium surge in 

the river associated with this runoff but subse- 
quent surface water runoff would contribute a 
negligible amount of tritium to the stream. After 
the first rain, the only device associated tritium 
in the river would come from the ground water. 

The annual contribution of tritium by ground water 
outflow fyom a watershed was calculated to equal 
about 107° of the total tritium deposited on the 
surface as fallout. 
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CONFIDENCE LEVELS 


A necessary part of any estimate of contamination by 
nuclear explosion-produced radionuclides is an indication 
of the confidence that can be placed in the analysis. Field 
checking of hydrologic safety program predictions is costly 
and necessarily requires considerable time. The present 
hydrologic safety program therefore, lacks the field data 
necessary for confirmation of contamination estimates. For 
this reason, all expressions of confidence levels must be 
matters of scientific judgment. Although they are subjec- 
tive, they possess useful validity. 


The output from the NVO0-spoqsored hydrologic safety 
program as discussed by Fenske,‘!) is the temporal-spatial 
variation of concentration of the radioactive contaminant. 
Numbers specifying time, position, and concentration can 

have attached to them their standard deviation. This can 

be done by estimating the uncertainty of each factor con- 
tributing to the analysis and combining these variances in 

an error propagation equation to calculate the expected var- 
iance in the analysis. This confidence level, in other words, 
specifies the most probable value and the variation about 

this value that might be expected. Considering the state- 
of-the-art, these confidence levels are low. This technique 
not only determines the error in the analysis but also de- 
termines which component makes the largest contribution to 

the error and indicates where maximum improvement can be 
effected. 


Alternatively, a statement of confidence can be made 
that the real concentration is equal to or less than the 
predicted concentration. Using the philosophy of selection 
of the credible but conservative input for all variables, 
upper limits on concentrations of radionuclides can be made 
with a high level of confidence. 


Likewise, therefore, maximum exclusion areas can be 
stated with a high level of confidence. Much lower confi- 
dence levels must be associated with estimates of actual 
volume of the water resource degraded by a nuclear detona- 
tion. It may reasonably be expected that future studies 
will demonstrate that smaller volumes of water than presently 
stated are unacceptably contaminated, and that smaller sites 
or exclusion areas than presently used are acceptable for 
nuclear detonations. 


It is very interesting to note that large (order of 


magnitude) errors in estimates of the absolute concentra- 
tion of a radionuclide in the explosion zone water can be 
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tolerated. Fenske illustrates this point with the following 
example for tritium: 


Assume the probable concentration of tritium in 
the explosion zone water is 1800 times MPC and 

the range of possible concentrations is from 400 
times MPC to 3200 times MPC. The actual concen- 
tration not atypically might be expected to fall 
within this range 99.7% of the time. This water 
enters the hydrologic system. Although the upper 
limit of the range of possible concentrations is 
nearly an order of magnitude above the lower limit, 
the difference between the limits is equivalent 

to a decay time of only three half-lives. At 
ground water velocities of 60 meters per year, 

the contaminated volume will be transported about 
two kilometers farther before decay below MPC if 
the concentration is at the upper limit of the 
range than it is if at the lower limit. In such 

a case the range in location due to the possible 
range of concentration would be about 2 kilometers. 
At the one sigma level the error in location would 
be 370 meters. After several tens of years of 
transport this is a smaller error than that in 

an estimate of ground water velocity and direc- 
tion. 


SURVEILLANCE 


The prediction of water contamination provides a basis 
on which to plan post~-shot water utilization. However, once 
radioactive contamination has been introduced to the hydro- 
logic system, surveillance is necessary to provide evidence 
of arrival or non-arrival of contaminants at a use point. 
Normally, appearance of water contaminated well below MPC 
would be of extreme interest in order that a monitoring pro- 
gram could be started and remedial measures initiated. The 
measured background radioactivity of natural waters varies 
considerably. This scatter of data can be attributed to 
errors in sampling, errors in analysis, and natural fluctua- 
tions within the hydrologic system. Assessment of the sig-~- 
nificance of data scatter by statistical methods is required 
where fluctuations in radioactivity of the sample are close 
to those of the natural system. 


Dr. John Sharp, ‘”? Desert Research Institute, University 
of Nevada, has developed such statistical methods. Serial 
correlation, quality control and non-parametric techniques 
have been developed. These techniques are intended for re- 
cognition of uptrends associated with breakthroughs of 
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explosion radioactivity which are superimposed on the pre- 
existing natural radioactivity of the water. Interpreta- 
tion of analytical results has been aided by computerized 
statistical analysis techniques and development of a storage/ 
retrieval system for monitoring data. 


An adequate surveillance program involves collecting 
and analyzing enough pre-detonation samples to establish 
the natural background radioactivity of the water so that 
valid comparisons with post detonation water samples are 
possible. Satisfactory determinations of background radio- 
activity require the analysis of sequentially collected 
samples from each sampling point. 


A post-detonation, sequential sampling program is 
needed to provide assurance on a long-term basis that con- 
tamination has not appeared at use points. If it has ap- 
peared at use points or monitoring points it may indicate 
the need for remedial measures or hydrologic controls. 


HYDROLOGIC CONTROL OF WATER CONTAMINATION 


Remedial or control measures may be instigated upon 
detection of breakthrough. They also may be applied at an 
earlier stage as part of a planned program of water utili- 
zation in the region of nuclear detonations. 


As stated earlier, the rate and direction of flow of 
contaminated ground water is influenced by the character 
of the potentiometric surface. If this is known with suf- 
ficient accuracy it becomes possible to predict space-time- 
concentrations of contaminants, and plan water withdrawal 
so as to avoid the contaminated water body. 


Techniques for hydrologic control have been employed 
for many years to control saltwater intrusion, flow of nat- 
ural hydrocarbons, etc. Such techniques also are applicable 
to control of the movement of the body of contaminated water. 
One can for example, visualize pumping into injection wells 
outside the rubble chimney in such a way as to raise the 
potentiometric surface around the rubble chimney and tem- 
porarily immobilize the body of contaminated water. Simi- 
larly, it should be possible to divert, accelerate, or slow 
movement of contaminated water in order to optimize with- 
drawal and use of uncontaminated water. The use of aquifer 
grouting to reduce permeability selectively has been suggested 
but not evaluated. Whether these techniques can find appli- 
cation is largely an economic question. Certainly the most 
economic case is where contamination control can be exer- 
cised through accurate hydrologic analysis, a well designed 
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monitoring program, and a corresponding water use plan which 
avoids the region through which contaminated water is passing. 
Typically, such passage might be complete within a few years. 
Dilution with uncontaminated water or water treatment could 
be considered. Other ameliorating approaches, where water 
contamination becomes a limiting factor may include optimi- 
zation of yield, and device emplacement. By this means it 
may be possible to avoid water bearing zones, or involvement 
of hydrologic regimes which unnecessarily bring contaminated 
water to use points. In the case of cratering detonations 
techniques might be developed for minimizing release of ra- 
dioactive debris to the surface environment. Since tritium 
appears to represent the greatest potential for off-site 
water contamination, selection of low fusion, high fission 
devices would be preferable in a hydrologic environment if 
other considerations are not controlling. 


For some projects, a well designed monitoring system 
may provide all the protection required for public safety 
if planned in conjunction with remedial measures should these 
be found desirable. 


IMPLICATIONS OF HYDROLOGIC CONTAMINATION 


I would like to comment at this point on some additional 
implications of hydrologic contamination. 


It has been noted that proposed commercial applications 
of nuclear explosives provide a broad range of possibilities 
for water contamination. 


Techniques for prediction of space-time-concentrations 
have been developed and applied. Given applicable standards, 
acceptable sources of water can be delineated from unaccept- 
able sources, and the extent of a natural resource, water, 
that must be withdrawn from human and animal use can be de- 
termined. Optimum water utilization programs can be designed 
or remedial hydrologic engineering projects undertaken. The 
analogy can be drawn with established practices for limiting 
releases of radioactive wastes into the environment from 
nuclear power plants, production plants, and other industrial 
activities. It should be possible to design nuclear explo- 
sive applications which would result in at least comparable 
safety features. 


It is important to note a basic difference between pro- 
spective hazard from hydrologic contamination and some other 
hazards, at least insofar as use of water for domestic pur- 
poses is concerned. This difference is related to the time 
delay between detonation and potential exposure. 
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In general, the time between detonation and exposure 
to water contamination is much greater than obtains for 
seismic effects or airborne contamination. There is ade- 
quate time for analysis of water to determine whether un- 
acceptable contamination exists. Also, there is time to 
instigate remedial measures or develop alternative water 
supplies. There is not the urgent need to drink contaminated 
water that there is to breathe possibly contaminated air. 
Inadvertent use of contaminated water can be prevented. 

It is difficult to conceive of applications where this is 
not so. Thus, the concern for water contamination can be 
translated into a consideration of economics rather than 
hazard. The question is what does it cost to buy safety? 
It can be bought at some price perhaps as a maximum, at the 
cost of an alternate, water supply for a number of years. 
Consideration has been given to risk-benefit aspects of 
applications of nuclear explosives. However, hydrologic 
safety is really a matter of cost-benefit. Cost-benefit 
calculations, of course, will be associated with uncertain- 
ties represented by the uncertainties of predicting the 
hydrologic contamination. 


But, for any preselected criteria, the nuclear hydrol- 
ogist can be expected to estimate the probable cost of in- 
suring a safe water supply, and to place upper and lower 
limits on his estimates. By this means the economic feasi- 
bility of a nuclear detonation for peaceful uses can be 
assessed within the context of assured hydrologic safety. 
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Figure 1. The hydrologic cycle. 


David K. Todd, Ground Water Hydrotogy, Ch. J, pg. 9 
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Figure 2. Diagrammatic Model of the Hydrotogic Cycle. 


P.R. Fenske and D. Sokol, Private Communication 
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Figure 3. Diagrammatic Model of Radionuclide Transport By Water 


P.R. Fenske and D. Sokol, Private Communication 
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Figure 4. Relationship of Detonation Effects to Potentiometric Surface 


P.R. Fenske, NVO-28( Revised) Chapter X, In Press. 
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Figure 5. Readjustment of Potentiometric Surface 
P.R. Fenske, NVO-40, Chapter 6 


Figure 6. Outflow of Contaminated Water 
P.R. Fenske, NVO-40, Chapter 6 
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Figure 7. Source Term for Flow from Underground 
Explosion Zone into Ground-Water System. 
P.R. Fenske, NVO-40, Chapter 6 
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Figure 8. Hypothetical Contamination Prediction. 
P.R. Fenske, NVO-40, Chapter 6. 
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Figure 9. Schematic Diagram of the Fallout-Zone Redistribution 
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Figure 10. Delineation of Subwatersheds Around a Nuclear 
Excavated Sea-Level Canal in Eastern Panama. 
307 R.L. Charnell, et al., BMI - 171-016 


QUESTIONS FOR LOUIS WERNER 


From Dr. Lowman: 


Studies in Panama and Puerto Rico indicate that in a tropical rain 
forest sheet transport or sheet surface erosion is practically zero 
and most of the suspended river sediments are from channel erosion. 
What is your estimate on the reduction of the elution rate of tritium 
from. the forest into the rivers as a result of this? 


ANSWER: 


Well, I'm not sure that there is going to be a good estimate of 

what this reduction will be by any means. This will be a part, | 
think, of the considerations coming out in the Battelle report and |! 
am sure that this question is under consideration by the Battelle 
people who are responsible for it. For the study which was carried 
out by Charnet} and others, it was necessary to make some simplifi- 
cations which did not permit this factor to be evaluated, unfortunately. 
But, it does appear to be true that sheet erosion is not important. 
|t appears to be true from what | hear from some of the people at 
Lawrence Radiation Laboratory that there is another mode of uptake of 
water which is directly by plants sort of a reverse of transpiration 
which is not an element of this mode! and so there will be certain 
adjustments that are going to have to be necessary. 


From Alex Grendon: 


|-theta 
theta 


The legend defined p as density, but it does not appear here. 


Was p omitted in the equation K, = Kd + 1? 
ANSWER: 


The answer to that is yes, it was omitted. 1! discovered it when | was 
going over it fn my notes and | did not call attention to it. 


From Alex Grendon: 

Why was B used as a symbo! for this same expression in a later slide? 
ANSWER: 

{ think that is Just the author's license. These were taken from two 


different investigators and one used one and one the other. | don't 
think there is any essential difference between them. 
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AIRBLAST FROM PLOWSHARE PROJECTS* 


Jack W. Reed 
Division 93111 
Sandia Laboratory 
Albuquerque, New Mexico 


ABSTRACT 


The purpose of airblast predictions and mont- 
toring ts to guard against strong blast waves being 
carried by the atmospheric acoustic lens into popu- 
lated areas where they could cause hazard and damage. 
Experience and theory, with both high explosives and 
nuclear tests, burst both underground and in the air, 
have been developed to allow reasonable confidence 
in safety predictions. 


Standard explosion calculations and scaling 
laws are used to define the source strength to dis- 
tances where quast-acoustie propagation physics 
becomes valid. Underground bursts are attenuated 
by a factor which depends on scaled burst depth and 
the burst environment material. For row charges the 
source strength approaches a line source model with 
cylindrical blast expansion in directions perpendicular 
to the row. 


Atmospheric refraction by strata of different 
temperatures and winds causes nonuniform blast over- 
pressure patterns to be propagated great distances. 
Jet stream winds may duct and even focus airblasts 
with ae large as 8X magnifications over standard 
wave expansion at ranges of 30 to 100 miles. Ozono- 
sphere ducting, by warm temperatures and monsoon 
winds at 30 miles altitudes, can cause 3X magnifica- 
tion at ranges from 70 to 150 miles. For very large 
explosives, these atmospheric effects can cause nui- 
sance damage and breakage to windows and plaster walle 
with a slight associated hazard to inhabitants. 


Damage claims from explosive tests, accidents, 
and sonie booms have been analyzed to give damage 
prediction equations in terms of incident airblast 
overpressure and exposed population. Overpressures 
ean be caleulated from source strength and atmospheric 
propagation parameters. Measurements in communities 


*This work was supported by the United States Atomic Energy 
Commission. 
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surrounding various explosives teste have served 
to verify prediction procedures and interpret the 
validity of damage claime. 


INTRODUCTION 


Purpose 


The purpose of airblast predictions and monitoring is to 
guard against strong airborne blast waves being carried into 
populated areas where they could cause hazard and damage. Our 
atmosphere, on occasion, acts like a lens for focusing blast 
or sound waves from explosions. This may cause much more air- 
blast force at great distances than would be expected from 
safe distance criteria which are established for normal explo- 
sives in a nonrefracting atmosphere. Even relatively weak but 
audible compression waves, not usually considered to be of 
destructive force, may break some windows when applied to the 
large pane populations in a city. Large windows are most vul- 
nerable to breakage and, in turn, create some significant 
hazard from falling and broken glass. 


Plowshare explosives, burst underground, would give muf- 
fled airblast waves. The degree of muffling or attenuation 
for some conceivable events may not be enough to counteract 
all possibilities of atmospheric focusing. In planning, the 
yield, burst depth and material, and number of devices are 
used to establish airblast source strengths. Regional clima- 
tology for the particular site will allow seasonal estimates 
for propagation potentials, in terms of direction and distance. 
This allows identification of vulnerable communities and even- 
tual damage cost and hazard evaluations. 


If there is a problem, systematic blast prediction ser- 
vices may be required. This may entail special weather ob- 
servations and forecasts, even to high altitudes reached only 
by rockets. Some blast prediction calculations require 
access to high speed computers. Where damaging airblasts are 
possible, they must be monitored so the measurements are 
available to verify predictions and to validate damage claims 
which may arise. 


Background 


Propagation of airblast to long ranges was regularly 
considered in the conduct of atmospheric nuclear tests. For 
Plowshare applications, however, underground emplacement of 
explosives causes considerable muffling of the airblast wave 
so that the resultant hazard to remote communities is much 
reduced. It cannot be ignored altogether, for many useful 
Plowshare explosives would use much greater yields than were 
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allowed in continental atmospheric tests and the attenuation 
from burial is not great enough to completely suppress air 
wave formation. 


Considerable data have been accumulated from cratering 
tests, where devices have been buried to give optimum crater 
sizes. Also, measurements have been made on a number of con- 
tained underground test events at various depths and yields. 
There is very little experience with burst depths of inter- 
mediate scale which might be applicable to quarrying or strip 
mining so expectations from these must, for the present, be 
interpolated. 


On occasion, the atmosphere, with its stratifications of 
temperatures and winds, may act as a lens to converge and focus 
airblast waves at distances of fifty, a hundred, or even more 
miles. Near these foci, or caustics, ordinary acoustic ampli- 
tudes may be magnified by ten or more times and cancel the 
muffling effects of underground bursts where airblast is sup- 
pressed by attenuation factors of ten. Further definition of 
this attenuation is thus needed and is found to be dependent 
on yield, depth, and the environment material around the 
explosion. 


PROBLEM DEFINITION 


Explosion Blast Waves 


Airburst explosives emit blast waves which are quite well 
understood; they are predictable by hydrodynamics and verifi- 
able by measurement. Scaling laws are available for transform- 
ing airblast parameters from one yield to another, so that 
prediction starts with a standard explosion, here taken to be 
1 kt NE (nuclear explosives) burst in free air with no reflect- 
ing surfaces and in a homogeneous, calm atmosphere at 1000 mb 
pressure (near sea level) and 300° K temperature (+279 C, 
85° F). Complete tables of parameters for this explosion were 
calculated at Los Alamos and dubbed IBM Problem M. The 
pressure-time signature of this explosion wave at 9000 feet 
range, at the end of the calculation, is shown in Figure l. 
This shows the typical explosion waveform with sharp compres- 
sion, a slow decay into the long negative pressure phase, and 
gradual recovery to ambient pressure as the blast wave passes. 
The overpressure versus distance curve for this explosion is 
shown in Figure 2. Extension to smaller overpressures beyond 
the end of Problem M and below 0.37 psi was based on empirical 
data from high altitude bursts: which were little affected by 
atmospheric refraction. In low overpressure regions, of con- 
cern to offsite safety, overpressure decreases in proportion 
to the 1.2 power of distance. Acoustic wave expansion weld 
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give a -1.0 slope but there are minor energy losses and wave- 
form changes which cause the slightly more rapid decay which 
is observed. 


Scaling laws are illustrated to show that a given shock 
strength, or overpressure-ambient pressure ratio, Ap/p, will 
reach to distances, R, which are proportional to the cube 
root of yield, W. Minor corrections for pressure altitude 
are included but for most Plowshares this can probably be 
neglected. Blast pressures at altitudes above sea level would 
be reduced and on the safe side. A target at 10,000 ft. above 
mean sea level (MSL) would receive about nine percent less 
than the graphed overpressure and at 20,000 ft. MSL the reduc- 
tion would be 19 percent. Extra pressure scales are shown 
for millibars, metric units which have been in common blast 
prediction usage, and pst (pounds per square foot) which have 
been used recently in most sonic boom studies. Metric and 
mile distance scales are also shown for convenience. 


The recorded, reflected overpressure at long range from 
an explosion is conveniently expressed by the equation 


Ap* mb = 714 (W kt NE)°*4¢R Ket) —2*2¢1073 x p mb)O°fr (1) 


where p is ambient pressure, Ap is blast overpressure, the 
asterisk indicates that the amplitude is doubled by ground 
reflection, W is explosive yield, R is distance, and F is the 
atmospheric focusing factor. 


Underground Bursts 


For underground bursts overpressures are reduced by muf- 
fling from the ground material. The wave form signature may 
also be changed, as shown by Figure 3, at various burst depths, 
where the initial shock transmitted through the ground strikes 
the air as a piston to give a "ground shock induced" (GSI) 
pulse which is followed by a "gas vent" (GV) pulse if there 
is cratering or venting. At shallow burst depths only the 
GV pulse is observed, at optimum crater depths in alluvium 
the two pulses are observed, and at contained depths only the 
GSI pulse gets into the air. 


Amplitude is described by a transmission factor, T, 
defined as the ratio of overpressure emitted to long range 
divided by the overpressure which would have resulted from 
the same explosive, but burst in free air, or 


Ap (W, underground burst) 


T=. _ (2.) 
Sp (W, airburst) 
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Transmissivity at close range is much complicated by several 
factors and a full physical description of what takes place 

is not yet available. Only the distant observed values will 
be considered here in relation to offsite safety. Smoothed 
curves through gyperimental data are shown versus scaled 
(according to wi/3) burst depth in Figure 4. There is much 
scatter, partly caused by non-uniform emissions from the source 
and partly from atmospheric inhomogeneity over the long trans- 
mission paths. For safety predictions some allowance must be 
made for this possibility of error. Curves show that the 
material environment of the burst may be quite important. 
Nuclear bursts in moist materials generate a large steam 
pressure which enhances the GV amplitude. Bursts in dry rock 
at optimum cratering depths have only a small venting pulse 
Pressure and the GSI pulse is the maximum of the two. 


Contained underground bursts under alluvium are much 
attenuated in comparison with stronger waves emitted by bursts 
under rock; bursts in salt formations have appeared to give 
the greatest air wave outputs. 


Overpressures in Figure’l are multiplied by the appro- 
priate transmissivities from Figure 4, to give overpressure~ 
distance curves for various explosives applications. Some 
examples are shown in Figure 5. These are "Standard" propa~ 
gation curves for hemispherical propagation from these bursts, 
to be multiplied by appropriate focus factors for specific 
atmospheric refracting conditions. 


If multiple charges are detonated simultaneously the 
blast waves may add almost acoustically and cause greater 
overpressures than would have occurred from a single burst 
of the combined yield. This may be alleviated by firing at 
time intervals but .the excavation efficiency may then drop 
enough to make this impractical or undesirable. Data have 
only been obtained for the simultaneous detonations of rows 
for ditch digging. Maximum airblast amplitudes are propagated 
perpendicular to rows and the minima are emitted off row ends. 
A multiplier for number of charges is shown by Figure 6 for 
these two directions and intermediate directions may be inter- 
polated. Row charge effects are not yet well understood so 
tests and studies are continuing on this problem. Total error 
from transmissivity, row charge effect, and atmospheric vari- 
ability may be by a factor of three or four. 


Atmospheric Propagation 


Atmospheric refraction causes non-uniform blast pressure 
patterns to be propagated great distances. A simplified 
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illustration of this is shown in Figure 7. In a real atmos- 
phere temperature changes with altitude, as shown by the left 
curve, so that sound speed is also different at different 
altitudes. Wind changes with height added to temperature- 
determined sound speeds give a sound velocity versus height 
structure, as shown by the dashed curve. A vertical plane 
wave, as shown on the right, would be propagated through this 
atmosphere at different velocities at different altitudes and 
become increasingly distorted with passage of time. Sound 
rays, perpendicular to the wave front, are curved upward away 
from ground in layers where sound velocity decreases with 
height. These sound rays are curved toward the ground in 
layers where velocity increases with height. 


This same bending affects rays from a point source or 
explosion, as shown in Figure 8. A most important sound 
velocity versus height structure for explosions is where 
sound velocity decreases, then increases with height above 
ground. Various rays emanating from a burst curve upward, 
then are turned over by velocities aloft and return to ground 
in a band some distance away. Relative blast intensities may 
be predicted from the density of ray arrivals. There may be 
varying degrees of focusing of blast waves in these sound 
rings. This is usually the sound velocity versus altitude 
profile which causes exceptional disturbances, sometimes 
called caustics, at long ranges. 


There are three layered regions of the atmosphere which 
may give strong sound or blast propagation. The lowest, a 
surface inversion layer, as shown in Figure 3, does not often 
give significant focusing but instead causes wave energy to 
diverge cylindrically rather than spherically, and thus causes 
abnormally high blast pressures. This surface sound duct may 
be generated by a surface temperature inversion, where tem- 
perature increases with height above ground in a shallow layer 
which is seldom more than 1000 feet thick. Inversions develop 
at night when the ground cools by radiation and, then in turn, 
it cools the boundary air layers by conduction. 


With temperature decreasing with height, as is normal 
in daytime when the ground is heated by the sun, wind direc- 
tion or speed may change with height to cause a sound velocity 
inversion. In either case, sound rays are ducted to strike 
first at ranges of less than a couple miles. These sound rays 
are almost perfectly reflected by the ground ( at least for 
frequencies and wave lengths given by most explosions) and 
repeat their cyclic path many times as illustrated. Even 
small ground reflection losses become significant after being 
compounded dozens of times so this atmospheric duct is only 
of concern in blast prediction to a few tens of miles. In 
Nevada this shallow duct is generally blocked by mountains 
at less than 20 miles range. 
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Weather conditions shown in Figure 10 are responsible 
for past occasions of extensive blast damages at exceptional 
distances. Jet-stream winds, which usually blow from the west 
direction quadrant, may have speeds as high as 250 knots. 
Very low temperatures and sound speeds at 25,000 to 40,000 
feet are counteracted by these high wind speeds to give some 
higher sound velocities toward downwind directions near tropo- 
pause altitudes than at ground level. The tropopause is where 
temperature stops decreasing with altitude. A resulting sound 
ring, with possible strong focusing, may land at 30 to 100 
Miles downwind range, depending on height and strength of 
ducting jet-stream winds. 


At higher altitudes, as shown by Figure 11, in the ozo- 
nosphere there is a warm layer centered near 150,000 feet, 
where temperatures and sound speeds are nearly as high as at 
ground level. Fairly steady, strong winds to 150 knots speed 
blow with seasonal directions at these high altitudes, from 
west in winter and from east in summer. This creates sound 
ducting toward downwind directions which gives a sound ring 
at ranges from about 70 to 150 miles. 


Upwind, blast waves are refracted away from ground and 
only minor waves are diffracted or scattered into the shadow 
zone, while stronger blast waves pass far overhead. These 
diffracted waves have sometimes measurable but usually inaudible 
intensity, and about two percent of the downwind pressure am- 
plitude. 


Even higher, in the ionosphere above 300,000 feet, very 
high temperatures also duct waves to strike the ground at over 
100 mile distances. This ducting is usually carried in direc- 
tions opposite from downwind ozonosphere propagation. At such 
high altitudes, low air densities cause most blast wave energy 
to be absorbed, so no structural damages have been reported 
from this wave route. However, high frequency pops and 
rattles have been observed when ionosphere waves from large 
explosions do reach the ground. 


At long range waves strike ground at incidence angles 
of up to 30 degrees and their amplitudes are doubled by near 
perfect ground reflection. Microbarograph recordings thus 
show twice the free air incident values calculated by scaling 
from Figure 2. This doubling is sometimes incorporated into 
expressions for the effective focus factor, although the ray 
convergence by atmospheric refraction only contributes half 
of total recorded focusing. 


Airblast magnification by atmospheric ducting and focusing 


is defined by a focus factor, F, which is the ratio of observed 
or calculated amplitude or overpressure to that which is 


345 


obtained from standard explosion propagation or 


Ap (W; real atmosphere) 
Ris a 
Ap (W; homogeneous, calm atmosphere) 


Propagation under a surface inversion may give ducted 
focus factors of F = 2 or F = 3, as shown by recordings made 
10 to 20 miles from nuclear tests in Nevada. Mountainous ter- 
rain in Nevada interferes with this propagation so there have 
been no opportunities to observe results from this ducting 
to longer distances. Even at ten miles range, atmospheric 
inversions may cause an explosive to sound like ten times its 
actual yield. In effect the explosion wave is nearly limited 
to cylindrical rather than spherical divergence. 


Jet stream ducting may cause much larger blast magnifi- 
eation. Experiments have shown 1.6X magnification is about 
average within 10 miles of an expected caustic, F = 4.2 has 
been observed, and statistical extrapolation shows that 7.5X 
may well hit some houses or buildings from some explosive events. 
This ducting is usually toward eastern directions, because 
jet stream winds usually have large west wind components. 
Occurrence is generally limited to late fall through early 
spring seasons and temperate latitudes. 


Ozonosphere propagations also give common observations 
of 1.5X magnification. The largest recorded value showed 
F = 3.3 at 135 miles from a 15-ton HE (high explosive) event. 


Uncertainty about the atmosphere over such long paths 
makes predictions subject to considerable error. The changing 
nature of our atmosphere makes duplication of propagation dif- 
ficult, even over time intervals of a few minutes. Prediction 
error factors of at least two, high or low, should be allowed. 
More realistic assessment for damage expectation requires con- 
sideration of the whole statistical pattern of probabilities 
so that serious impacts can be held to rare occurrences. 


Effects from Small Amplitude Airblast Waves 


Laboratory tests have not broken panes with less than 
10-mb overpressures, but the number of panes tested nowhere 
approached the number of panes exposed even in small cities. 


A more realistic damage level threshold for nuclear test 
waves on cities can be estimated from three incidents of large, 
single-strength, aged glass panes breaking from 2-millibar 
recorded overpressure (l-mb incident). At higher overpressures 
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there were quite a few moderate size panes broken in Johnston 
Island barracks by Orange shot which gave 14 mb recorded over- 
pressure. At the Nevada Test Site, 17 millibar overpressure 
is the maximum recorded at the CP-1 Control Point in Yucca 
Pass, but that tore doors loose and broke ceiling light fix- 
tures. There have been several other claims of damage from 
testwaves, but there were no associated pressure measurements. 


Better laboratory data are needed to relate breakage 
probability to overpressure. This may come from sonic boom 
and supersonic transport studies. Meanwhile empirical results 
from the Medina, Texas, accidental explosion incident of 
November 1963, furnish a useful guide to relating breakage 
probability to overpressure, glass pane size, etc. Of 12 mil- 
lion panes exposed in San Antonio, 3644 were claimed broken, 
by overpressures estimated to vary from 1 mb to possible 10 mb, 
from destruction of 115-tons of chemical explosives. 


It was found that there were about 19 times as many 
window panes in San Antonio as there were people, and that 
the average window repair cost was $15.80. A small number 
of very large panes was very costly to replace. In summary, 
as shown by Figure 12 for a typical city of 100,000 population, 
the number of expected broken panes can be estimated in terms 
of expected overpressures. This estimation method was applied 
to a ranch house where one pane was broken by an explosive 
test near Cedar City, Utah, in October 1968, and showed that 
only 0.47 pane should have broken. 


It has also been found, and sonic boom tests are in sub- 
stantial agreement, that miscellaneous damages, cracked plaster, 
broken bric-a-brac, and so on, may increase damage claims costs 
by about 40 percent over the cost for windows alone. Engineer- 
ing details on structural responses of these miscellaneous 
types are practically impossible to obtain. 


Purely economic considerations of airblast restraints on 
Plowshare events must be tempered by possibilities for personal 
injury. There would be no direct physiological damage to people 
with less than about 5 psi overpressures, or 350 mb where ear- 
drums may break. One psi may cause injury from falls or other 
reactions to startle or airblast force. At much lower pres- 
sures secondary hazards from broken or breaking glass must 
be considered outside the cost-effectiveness approach. For- 
tunately there is practically no solid information available. 
No one was hurt by broken glass from NTS nuclear tests nor in 
the Medina incident. There were, however, fifteen injuries 
reported from 300 broken panes‘caused by a recent sonic boom 
at the USAF Academy. It is hoped that the detailed Air Force 
report on this incident will assist in evaluating the hazard 
potential of breaking windows. 
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SUMMARY 


Blast predictions begin with a hydrodynamic definition 
of the close-in source wave which is well-known in terms of 
yield, explosive and other scalable factors. Plowshare exca- 
vation events are muffled or attenuated in varying degrees 
according to scaled burst depth and material environment, 
and experiments are continuing to adequately define this. 


Once an airblast wave is coupled into the atmosphere, 
long range propagation depends on the vertical structure of 
temperatures and winds, sometimes to great altitudes. Sound 
ducting by refraction processes can be caused by the boundary 
layer, by jet stream winds, by seasonal winds near 150,000 feet 
altitude, and by high temperatures in the ionosphere above 
300,000 feet. Airblast amplitudes can be calculated for these 
atmospheric lens effects at long ranges. There is confidence 
in the qualitative results but there are frequent factor-of- 
two errors which must be guarded against in assuring safety. 


Theories are inadequate and data are scarce for predicting 
nuisance damages from small amplitude waves. Research is con- 
tinuing to refine this sector of the airblast problem as needed 
for Plowshare safety and feasibility studies as well as super- 
sonic transport sonic boom problems. 
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QUESTIONS FOR JACK REED 


From Charles Hardin: 
How does moisture content of the air affect the blast wave? 
ANSWER: 


We pretty much ignore it. To be correct, you should use a virtual 
temperature rather than a pure air temperature to calculate the 
sound speed. That's for the water vapor content of the air and 
just a correction in our refraction. On the other hand, what is 
usually referred to in questions of this type: Is the blast wave 
reflected off of clouds and off of precipitation? The answer is 
quite firmly, no. The drop size is not adequate to do anything 
other than give a very, very slight attenuation to the blast waves 
or the wave length that we are involved in here. 


From —. A. Martell: 


Will high speed westerlies above 30,000 feet in the isthmus area 
have similar accoustic wave effects as those experienced for high 
speed jet streams at higher latitudes? 


ANSWER; 


The jet streams in Nevada that we worry about in the wintertime 
which can cause focusing of blast waves and give troubles in Las 
Vegas are speeds that run typically 130 and occasionally as high 
as 200 knots in speed and | don't believe that our experience in 
the isthmian region or the tropical region show anything near this. 
The required speed for ducting from jet stream aititudes near the 
tropopause level where the temperature is very, very low--it gets 
down to as low as -100° C--then it requires at least 60 and generally 
over 100 knot speeds to overcome that and give you a wind ducted 
propagation. |'m not sure what the studies that ESSA is conducting 
are showing, but | don't think that there are very many wind speeds 
much over about 60 knots at that altitude, so | do not expect any 
jet stream ducting from 30,000 feet in the canal project. Our 
whole problem seems to be wrapped up in the ozonosphere propagation 
and caused by the winds up at 150,000 feet. 


From E. V. Anderson: 


What is the area of a focus zone? 


332 


ANSWER: 


The calculated accoustic focus has zero width. You have infinite 
pressure over zero width. What the real result is we don't really 
know for sure, but we have some statistical information which says 
for jet stream ducting from the Nevada Test Site using a large 
number of small, high explosive tests, that within + 10 miles of 

a calculated caustic, the average magnification came out to be, 
considering the ground reflection as part of the magnitication, 

we got an average factor of 3.15. This is from 250 or 500 obser- 
vations. It was 250 observations and | think the maximum of all 
these within 10 miles of the calculated caustic was about 8-1/2 for 
a magnification factor including the doubling by ground refiection 
which you always get. It's pretty much of a statistical thing. It 
doesn't come out as a nice, sharp focal point like you calculate by 
pure accoustics, but we're not dealing with pure accoustics, we're 
dealing with finite amplitude and long wave length waves and there's 
quite a bit of mix-up here. The atmospheric turbulence also scatters 
and diffuses it so pending more statistics, | think that you just 
need to say that within + 10 or 20 miles of a calculated caustic, 
you can get this distribution of magnitudes which gives you some 
small, but finite probability of having a pretty large magnifi- 
cation on very, very rare occasions. 


From W. J. Larkin: 


Since the wave has directional properties, does the orientation of 
the "window panes" have an effect on damage potential? 


ANSWER: 


Yes, and this is mostly derived from Civil Defense housing tests 
and things like that. | believe, and John Blume may amplify this, 
but there is a factor of essentially 2 difference. You have on the 
side facing the blast about twice as much breakage as on the side of 
the house away from the blast. And on the sides of the house you 
have something in between. By the time you go out to where you are 
only breaking | out of 5,000 or 10,000 panes, this kind of gets 
lost in the statistics so you can't really identify it. 1! know 

one building in San Antonio we checked. | think there was a 
slightly larger percentage of windows broken on the back side than 
on the side facing the blast. So it is statistical and not very 
well defined. 


333 


XA04N2195 


GROUND MOTION PREDICTIONS 
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ABSTRACT 


Nuclear generated ground motion te defined and then 
related to the physical paraneters that cause it. Tech- 
niques employed for predtotion of ground motion peak 
anplituda, frequency spectra and response spectra are 
explored, with intttal emphasie on the analysts of data 
collected at the Nevada Test Site (NTS). NTS post- 
shot measurements are compared with pre-shot predictions. 


Applicability of these techniques to new areas, for 
example, Plowshare sites, must be questioned, Fortunately, 
the Atomic Energy Commission ia sponsoring complementary 
studies to improve prediction capabilities primarily in new 
locations outatde the NTS region. Same of these are 
discussed in the light of anomalous setamic behavior, and 
comparisons are given showing theoretical versus experi- 
mental resulte. 


In conclusion, current ground motion prediction 
teohniquee are applied to events off the NTS. Predictiona 
are compared with measurements for the event Faultless and 
for the Plowshare events, Gasbuggy, Cabriolet, and Buggy I. 


INTRODUCTION 


Under contract with AEC's Nevada Operations Office, Environ- 
mental Research Corporation provides sclentific and engineer!ng 
support to the Effects Evaluation Division by predicting speci fled 
effects of planned underground nuclear explosions. With knowledge 
of the anticipated effects, safeguards are developed and safety is 
assured for persons and property within the affected range. In this 
discussion we wlll consider the directly Induced seismic ground motion 
and techniques for Its prediction. Ground motion predictions are 
required In order to assess the probability of damage to property and, 
more importantly, to preclude the possibility of personal injury. 


Energy from an underground nuclear detonation is transformed 
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Into sefsmic waves which travel outward from the source in all directions. 
They follow several paths and display a varlety of characteristics 

which can be related to effects on structures. Figure | shows a sels- 
mogram composed of various elastic waves arriving at a given point at 
different times. This might represent the vertical component of 

velocity measured at the surface of the ground at, say, 100 kilometers 


FIGURE 1 
SEISMOGRAM FROM AN NTS EVENT 
AMPLITUDE 
<> TMESCALE —> —>| [+— 5st 


from an event at the Nevada Test Site (NTS). Phases in the sel smogram 
Inciude the compressional and shear body waves at the leading edge of 
this trace and surface waves, such as the Raylelgh mode, at the tralling 
edge. Analysis of such wave forms requires separation and Identifi- 
cation of the different modes, knowledge of their behavior In transit, 
and an understanding of the Influence of source parameters. Analyzing 
ground motion data in this manner makes it possible to predict damage 
to structures, to forecast perception of ground motion by the general 
public, and to anticipate other effects such as damage to mines, 
wells, and slopes. With respect to this type of oscillatory ground 
motion, the remainder of our discussion will center on development of 
predictive technology and applications relevant to Plowshare events. 


PREDICTIVE TECHNOLOGY FOR UNDERGROUND ENGINEERING APPLICATIONS 


Source of Seismic Waves 


Directly induced ground motion In the elastic region Is a function 
of several variables, such as the energy and type of explosive, source 
polnt medium, depth of burla! and geological medium properties. Within 
the Immediate vicinity of the source the medium behavior Is non-linear 
and comptex due to high pressures and temperatures. From the (Initial) 
vaporization cavity produced by the explosion a shock wave propagates, 
carrylng about 50% of the available energy. for a I-kt nuclear ex- 
ploston, the vaporization cavity radius and pressure are approximately 
2 meters and | miliion atmospheres, respectively, varying slightly from 
medium to medium.! As the shock wave propagates radially outwards, 
spherical expansion of the front and Inelastic dissipation reduce the 
loading Intensity to a point, at a distance called the elastic radlus, 
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where the elastic properties of the medium begin to play a significant 
role. The elastic radlus Is a functlon of the source point parameters, 
being a few hundred meters for a contalned {!-kt nuclear event. From 
this point the medium behaves elastically and the phenomena may be 
described by Iinear theory. The waveform Input to the elastic raglon 
may be considered to be a function of the elastic radius and the Input 
pressure at this radius which In turn are functions of the source param- 
eters. The frequency spectrum of the radiated seismic waves at the 
elastic radius Is band-limited and also Is a function of the source 
parameters. 


Most of the Initial energy has been dissipated before reaching 
the elastic radius, and only a smal! percentage of the original energy 
remalns to be propagated as elastic waves. In fact, published data 
for 20 large-scale chemical and nuclear explosions, ranging from yields 
of I-kt to 200-kt show a range of conversions Into selsmic energy which 
vartes from about 0.02% to less than 1%. The largest cratering experi- 
ment to date, Sedan, with a yleld of about 100-kt, coupled less than 
0.1% of Its total energy Into elastic selsmic waves.> 


In current ground motion prediction techniques, the total yield 

of a nuclear device Is considered one of the few major variables in a 
conventiona! power law relationship. Postulated power law exponents for 
the Increase of peak selsmic amplitude with yleld generally fall between 
0.5 and 1.0.4 Data from about 100 contalned detonations at the NTS show 
peak selsmic amp!itudes that Increase with yield to the 0.6 to 0.8 power. 
Variations In the exponent are attributed to source conditions, varied 
selsmic wave modes and their paths, local geology of the recording site, 
and frequency of the ground motion. 


Influence of the emplacement envi ronment on peak selsmic motions 
Is not yet clearly defined. Factors which have been considered include 
depth of burlat and the geologic medium. Some tentative conclusions, 
wlth exceptions noted, are that hard rock tends to couple more energy 
Into the elastic region than unconsolidated media, and that Increase of 
depth of burial, also, tends to increase the seismic efficiency. 


Transmission of Selsmic Waves 


A model for the transmisston of selsmic waves 1s shown in Figure 
2. The selsmic input to the elastic region has a frequency spectrum 
which is characteristic of the combI nation of all the source parameters. 
As the disturbance propagates through the earth, It encounters many geo- 
togical boundaries. At each boundary, a combination of transmisston, 
reflection and refraction of the energy occurs, depending on the angle 
of incldence and elastic constants of the media surrounding the boundary. 

Other physical phenomena, such as wave mode conversion, reverber- 
ation within and between layers, scattering, and diffraction, occur 
along each transmission path and compound the complexity of the total 
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FIGURE 3 
STATION LOCATIONS OFF THE NEVADA TEST SITE 
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seismograms will be distorted. Knowing the response to frequency of 

the various instruments, we have developed programs which remove (within 
signal-to-noise-ratio limitations) distortions produced by the instruments. 
An example of this is shown in Figure 4 where much of the low frequency 
information is lost without correction for instrument response. The data 


FIGURE 4 
SEISMIC SIGNALS BEFORE AND AFTER CORRECTION 


from some instruments do not need corrections because they respond uni- 
formly to all frequencies of interest. Additional programs have been 
developed which produce acceleration and displacement seismograms from 
measured velocity seismograms. 


Some of the data processing which precedes the analysis will 
now be described.8 Typical velocity measurements are recorded in the 
field on analog magnetic tape at two or three recording levels by 
USC&GS. Several field tapes are dubbed onto the tape that we process. 
This tape is previewed, the best data channels are selected, compen- 
sation Is made for variable instrument gain, calibration is performed, 
appropriate seismometer response correction is made, and finally a 
master tape containing only usable, corrected data is generated. 
Velocity seismograms on the master tape are routinely processed to 
obtain peak amplitudes, ground. motion amplitude frequency content, 
response spectra, acceleration and displacement seismograms, Fourier 
transforms, wave mode information and other selected parameters. This 
processing can be performed on an analog computer; or, the analog 
velocity traces are digitized automatically and the processing done on 
a digital computer. 


The response characteristics of one of the velocity meters 
employed on the safety program is given in Figure 5. In our data 
processing we effectively lower the corner frequency of this instru- 
ment from | Hz to about 0.3 Hz. 
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FIGURE 5 
RESPONSE CURVE OF VELOCITY METER 
AND L-5 AMPLIFIER 
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Processing of the strong motion acceleration and displacement 
photographically recorded paper traces follows another course. These 
traces are digitized semiautomatically and run through an editing, cali- 
bration, and plot routine. The plotted, digitized trace provides an 
overlay trace for verification. Peak amplitudes, amplitude spectra 
and other parameters are then obtained by way of digital programs. 


Statistical Analyses of Ground Motion 


As a first attempt at establishing a significant relationship 
between underground nuclear explosions and resulting seismic motions, 
analyses were made of nuclear-generated seismic peak amplitudes 
recorded in and around the NTS.4. We note that although the peak ampli- 
tude represents only one characteristic of a complicated ground motion, 
it is a good measure of the overall seismic signal strength. Using 
standard regression analysis techniques, we have developed prediction 
equations based on the data from previous detonations in similar 
environments to estimate the peak motions. Examples of these equations 
for stations on alluvial layers are shown in Figure 6. 


We must question the applicability of such equations to events 
off the NTS, and also include cratering shots in our consideration. 
Later we will discuss applicable theories which are validated by 
this NTS experience. 
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Figure 6. Peak Amplitude Prediction Equations, 
Alluvium Stations 


We now know that we can predict peak motions within acceptable 
{imits but the frequency content of the seismic motion to which 
structures respond must also be predicted; otherwise, only a rough 
estimate can be glven for the associated structural response. Again, 
on a Statistical basis, we haye developed the capability to predict 
two kinds of selsmic spectra. The first is a measure of the seismic 
amplitude-frequency content which Is, for practical purposes, independ- 
ent of the duration of the selsmic signals. The second, which | shall 
describe here, Is the spectrum obtained by plotting the peak response 
of single degree-of-freedom system as a function of the center frequency 
of the system. for each frequency, the seismogram Is used as the input 
signal. The value of this type of predicted seismic spectrum is that 
It Is used to determine estimates of structural response over a large 
area Surrounding the detonation polnt. Statistical analysis of the 
response spectrum amplitudes at several frequencies, as a function of 
yleld and distance dependence (similar to the peak motion equations 
shown above), reveals that both the yield and distance dependence are 
functions of frequency. As anticipated, hIgher frequencies attenuate 
more rapidly with distance, and the lower frequencies increase slightly 
more rapidly with yield. A response spectrum prediction based on this 
statistical analysIs Is shown in Figure 7 for a Las Vegas station. Also 
shown on the figure for comparison with the prediction is the observed 
response for the Benham event. 


Presently we are developing techniques to predict complete seismo- 
grams. This wil! allow determination of the response of any structures 
for which mathematical models are available. To date severa! seismo- 
grams have been synthesized having characteristics very similar to those 
of real seismograms. An example is given In Figure 8. 
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FIGURE T 
PSEUDO RELATIVE VELOCITY SPECTRA, 
BENHAM EVENT, SE-€ STATION 
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FIQURE 8 


SYNTHETIC SEISMOGRAM CORRESPONDING TO A STATION ON ALLUVIUM 
DISTANCE: &@ KILOMETERS 
YIELD: —_ 108 KILOTONS 


The results indicate that synthetic seismograms can be con- 
structed such that each: 


t}, has nearly the same Fourier amplitude spectrum as that of 
given seismic records of the same yield and range; 


2. contains the same frequencies in the same descending 
order as real seismograms; 


3. produces similar band-pass filter (BPF) and pseudo- 
relative velocity (PSRV) curves comparable with those 
of real seismograms; and 


4. reacts with mode! structures in a manner comparable 
with the real seismograms. 


DEVELOPMENT OF PREDICTIONS FOR EXCAVATION AND OFF-S1TE APPLICATIONS 


Appticability of these techniques to new areas, including cratering 
as well as underground shots, has been a logical source of concern. 
Fortunately, the AEC continues to pursue a comprehensive study program 
to improve prediction capabitittes primarily in new locations outside 
the NTS region. A few of these studies will now be described. 


Transmission Models 


The objective of wave mode studies® is to correlate the observed 
ground motion recorded at various stations with individual elastic 
wave modes having a specific travel path. The first problem, then, is 
to identify these modes. Wave mode identification is based primarily 
on the targe body of theoretical and observational knowledge acquired 
by seismologists. Figure 9 shows a good example of one type of mode 
identification utilizing properties of the radial-vertical product wave- 
form, taken from the Boxcar event. 


The product waveform at the bottom of the figure displays 
compressional (negative pulses at the leading edge), shear (positive 
pulses at about 10 seconds), and Rayleigh modes (oscillatory wave with 
twice the frequency of the surface wave on the radial and vertical 
tracer). These product waveform characteristics are a direct conse- 
quence of the particle motions associated with the classical wave 
types. 
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FIGURE § 


PARTICLE VELOCITY SEISMOGRAM AND RADIAL—VERTICAL 
COMPONENT PRODUCT WAVEFORM 
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Figure 10 shows a simplified model of the earth's crust in the 
NTS area generated with the aid of wave modes observed in an around 
the NTS. Also shown are the relative travel times for three of the 
elastic wave modes (a direct P wave, refracted P wave, and a 
reflected P wave) generated by a nuclear detonation. The mode! has 
parameters of velocity and crustal thickness similar to those observed 
and derived at NTS by other investigators. The major point of interest 
is the fact that different wave modes arrive at a surface location with 
varying but predictable relative times in direct relationship to the 
physical properties of the earth, the depth and physical character- 
istics of the Mohorovicic discontinuity, and the distance of the 
recording site from the nuclear detonation. 


The presence of a layer of unconsolidated material, such as 
alluvium, can cause substantial amplification of the magnitude of 
observed seismic signals. This effect, however, is a complex function 
of both the wave mode and the frequency so that a simple, statistical 
correlation of observed effects can be of only limited usefulness, 
especially if predictions_are required at new locations. Therefore, a 
fundamental investigation? was undertaken of the propagation of 
different wave modes in an alluvial layer. 
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FIGURE 10 
TIME—DISTANCE CURVES — NTS CRUSTAL MODEL 
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The alm Is to predict the effect of the layer on the Fourier 
ampl!tude spectrum of the observed surface motion. Models for Love and 
Raylelgh surface wave amplification, as well as for P and S body wave 
amplification, have been formulated and preliminary validation with 
test results is good. Figure [| Indicates comparison of theory with 
experiments for the relative amplification of the P-wave radial 
components measured at a pair of stations In Tonopah, Nevada. 


FIQURE 11 
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The predicted resonant frequency for the station on the uncon- 
solidated material is 7 Hz, substantially the same as the measured 
value. At resonance the predicted level of amplification is a factor 


of six and the measured value is a factor of II. Use of further 
instrumentation to provide a better check of this theory is part of 
ongoing effort. These studies will provide an effective means for 


improving the predictions of frequency dependent phenomena (for example, 
PSRV response spectra) at sites located on alluvium. The value of 
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such accurate prediction of resonances associated with surface geology 
lies in the ability to make provision for potential structural damage. 


| should like to return now to the validity of the seismic 
scaling exponents statistically derived on the basis of NTS data. In 
particular, we should like to have a valid theoretical description of 
the behavior of seismic amplitudes at each frequency as a function of 
distance from the source and as a function of source yield. A recent 
effort to describe the seismic amplitude dependence on the distance 
variable is proving fairly successful. Briefly, the earth is treated 
as a heterogeneous medium mode!!9 in the sense that the elastic con- 
stants and the density are treated as random variables. Wave propa- 
gation in this model is solved for the case of a step function (sudden 
initial pressure which decays with an infinitesimat decay constant) 
applied to a spherical boundary. At large distances, for the case of 
a homogeneous medium, the displacement solution is a damped sinusoid 
which has a characteristic wave length proportional to the spherical 
radius. In this heterogeneous case, a different length, the corre- 
tation length, appears. This is defined as the distance over which the 
density and elastic properties of the medium change substantially. 
For wave lengths greater than the correlation length, the medium 
appears homogeneous; for wave lengths less than the correlation length, 
there is an exponential selective frequency decay with distance (due 
to scattering). This frequency selective attenuation with the 
distance variable is in qualitative agreement with the experimental 
trend observed in the NTS data. 


Seismic Spectrum Scaling with Yield 


A related mode! has been developed for the theoretical descrip- 
tion of the behavior of seismic amplitudes at each frequency as a 
function of source yield. !! In this model, the influence on ground 
motion spectra of source parameters such as yield, depth of burial, and 
medium type, have been considered. Compared with the heterogeneous 
mode!, the source function is an exponential function applied to a 
spherical boundary. 


It is found that for a specific medium the explosive yield 
exponent is frequency, depth, and yield dependent. For the particular 
case of underground explosions at set scaled depths, the yield exponent 
decreases with increasing frequency at a constant yield and decreases 
with increasing yield at a constant frequency. Also the bounds of the 
exponent are medium dependent. Comparison with the response spectrum 
yield exponents statistically derived from NTS data for a large number 
of events, as well as with specific events, shows good agreement. In 
a general way, this theory explains the experimental evidence that 
smaller yield shots at a set scaled depth in a particular medium gen- 
erate higher frequency ground motions that higher yield shots; and that 
shots at a set yield in a particular medium generate higher trequency 
ground motions the greater the depth of burial. 


348 


APPLICATION TO OFF-SITE EVENTS 


Application to off-site events wil! be shown by comparing 
predicted and measured response spectra. 


Underground Events 


Figure 12 shows the response spectrum at a Las Vegas station, 
generated by the Central Nevada Faultless event. 


FIGURE 12 


PSEUDO RELATIVE VELOCITY SPECTRA; 
FAULTLESS EVENT: SE-6 STATION 
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The level of the predicted (upper) curve is seen to be slightiy 
conservative for this station, some 295 kilometers from the source, 
and the shape is seen to be a fair approximation to the measured curve. 
Numerous comparisons of Faultless ground motion predictions indicated 
no big surprises in application of NTS data statistics to this off- 
site event which occurred at a typical depth of burial. 


The composite spectrum for stations at 90 km, generated by the 
northwestern New Mexico Gasbuggy event, !4 is shown in Figure 13, 


NTS experience delivers a prediction which is significantly 
improved when the theoretical spectrum scaling is taken into account. 
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The parameter that departs most from NTS experience Is the depth of 
burial which, for the Gasbuggy event, is greater than typica! NTS 
experlance. 


FIGURE 13 
SPECTRA FOR STATIONS AT 90 km; EVENT GASBUGQY 
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Excavation Events 


In Figure 14 are shown response spectra at a station in Las Vegas, 
assoctated with the Cabriolet cratering event. 


The prediction based on NTS experience also is improved signifi- 
cantly when theoretical spectrum scallng is included. Here, as with 
Gasbuggy, the parameter that departs most from NTS experience is the 
depth of burial which, for the Cabrlolet event, is smaller than 
typical NTS experience. 
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FIGURE 14 


COMPARISON OF THEORETICALLY AND EMPIRICALLY 
SCALED SPECTRA, EVENT CABRIOLET. 
RADIAL COMPONENT; SE-6; ALLUVIUM 
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An unusual! source of configuration, pertinent to several! engin- 
eerlng applications, Is represented by the nuclear five-element row 
charge, Buggy |. Treating the seismic data as if it were caused by a 
single source of energy equal to the total energy in the row charge, 
delivers interesting results which can be seen in Figure 15. 


The upper curve, based on NTS single source cratering experience, 
is noticeably higher than the observed spectrum at frequencies below 
| Hz where significant energy exists. In fact, in this frequency 
range, the measured spectrum is more closely approximated by that 
which would be anticipated with only one row charge element, as seen 
by the lower curve. Above I-1/2 Hz, the prediction based on the total 
Buggy | yleld is satisfactory. An in-depth report analyzing these 
interesting results is In preparation. 
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FIGURE 15 
SPECTRA FOR BUGGY |; SE-§ STATION 
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!n conc{usion, then, we see that much of the technology is aval l- 
able for making sufficiently accurate predictions of the directly 
induced ground motion resulting from underground and excavating 
nuclear detonations. However, some work does remain in order to 
obtain correlation of ground motion with a wider range of geological 
and geophysical parameters. 
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QUESTIONS FOR PETER LOUX 


From R. Duff: 


Can HE tests be used at a new site to help determine propagation 
paths and modes? 


ANSWER: 


| don't claim to be an expert on the equivalents of HE and nuclear 
generated seismic motions, however, | would think that the way you 
phrased the question that yes, you probably could determine something 
about the wave mode propagation from an HE charge. 1 think the only 
place you might get into trouble is if you were trying to equate the 
seismic spectrum that you would expect to get from a nuclear charge 
from the one you measured from an HE charge. 


From Mr. C. Nelson: 


What is the average speed in miles per second in which the seismic 
motion or signal is propagated from an underground detonation? 


ANSWER: 


Why don't | just give you some numbers | remember and you can convert 
it yourself. Let's take the refracted wave along the end discon- 
tinuity which is out beyond the critical distance of which, at the 
Nevada Test Site, is about, as | recall, 100 to 150 kilometers. If 
you are outside that range, the refracted arrival spends most of its 
time in the upper mantle at a velocity of something like 8 kilometers. 


From Alex Grendon: 


How did the direction of the row of charges in Buggy | compare with 
the direction to SE-6 station? 


ANSWER: 


| don't know off-hand, but | certainly can say something about the 
directional properties of this charge, since | just finished a report 
on trying to identify interference effects from the Dugout HE charge. 
We looked for two things in the seismic information--off the end of 
the row versus perpendicular to the row. We tried to find linear, 

so called classical linear, interference to see if. any were present 
or not, and that experiment was inconclusive because the frequency 
that we needed to observe for interference was somewhat in the noise 
of the selsmic signal and perhaps partly because the interference was 
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not present at all. The other part of the experiment was to deter- 
mine If we could use the seismic reciprocity theorum on this kind 

of seismic data--say broadslde versus end flre. So what we did was, 
having been unsuccessful on the Dugout experiment, we requested and 
received instrumentation on two arcs-~two quarter circles coming 

from the end of the Buggy row to the center, one at a distance of 

5 to 10 kilometers and the other was out farther and we did not find-- 
so far we are stil! working on it--we haven't found either reciprocity 
or the classical linear interference principles applicable here. Of 
course, you start thinking about where you're shooting in the source 
region; it's really a non-linear problem you should be looking at to 
see what the non-linear shock-wave is pumping into the elastic region 
off the end versus broadside. 


From Alex Grendon: 


Is thls directional factor theoretically Important? 


Moderator: | just checked with Mr. Reed. We were trying to ascertain 
the orientation of the buggy row charges and our best recollection is 
that It was oriented about north 70 east. That was the row. The 
direction from Las Vegas to the row charge is about north 27, 


ANSWER: 


In other words the direction to Las Vegas is more broadside than it 
Is off the end. 


From F, Gera: 


Can you please comment on the possibility of applying the mentioned 
spectrum prediction technique to natural earthquakes? 


ANSWER: 


Actually we have, in fact, looked at a few earthquake spectra. 

El Centro is one and some others recorded by the Coast and Geodetic 
Survey at about 100 or 200 kilometers from the epicenter and so far, 
and | certainly wouldn't want to be misquoted here and more work needs 
to be done on this point, but so far we haven't found large differences 
in the seismic spectrum from an earthquake whose equivalent yield, and 
this is rather tenuous to take the magnitude and find an equivalent 
magnitude-yield relationship which you can do from say 50 of the 
reported magnitudes reported by the Air Force, for example. If you 
convert the magnitude over the yield and then plug the yield into 

the prediction equations which deliberate spectrum and compare that 
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to the spectrum of the earthquake motion, the few cases that we've 
tried don't show any large differences between the nuclear and earth- 
quake generated motion. However, one would have to !fook for 
differences if you were closer in to the source for example, because 
obviously the source function has got to be different. 
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GROUND MOTION EFFECTS 


by 
J. A. Blume* 
John A. Blume and Associates 
San Francisco, California 


ABSTRACT 


Ground motion caused by natural earthquakes 
or by nuclear explosion causes buildings and other 
structures to respond in such manner as possibly 
to have high unit stresses and to be subject to 
damage or~-in some cases--collapse. Even minor 
damage may constitute a hazard to persons within 
or adjacent to buildings. The risk of damage 
may well be the governing restraint on the uses 
of nuclear energy for peaceful purposes. Theory 
is advanced regarding structural-dynamic response 
but real buildings and structures are complez, 
highly vartable, and often difficult to model 
realistically. This paper discusses the state 
of knowledge, the art of damage prediction and 
safety precauttons, and shows ground motion ef- 
fects from explosions of underground nuclear de- 
vices in the continental United States including 
2zvents Salmon, Gasbuggy, Boxcar, Faultless and 
Benham. 


i 2 


Ground motion, whether caused by natural earthquakes 
or underground nuclear explosions, causes buildings and 
other structures to respond and to be stressed. Depending 
upon the amount of the response, the duration of the mo- 
tion, and many other factors, the structures may be sub- 
ject to damage or, in extreme cases, to collapse. [In 
addition, ground motion can cause or accelerate soil or 
rock slides and it can induce waves on bodies of water 
such as lakes or reservoirs. Severe ground motion could 
also rupture underground pipelines and sewers. It is 
essential that these effects be predicted in advance so 
that effective means can be taken to minimize or prevent 
damage and to eliminate hazard to persons. The public 
health would indeed be impaired if occupied buildings suf- 
fered damage without warning. 


*President, John A. Blume & Associates Research Division, 
San Francisco, California 
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THE RISK AND ITS CONTROL 


It has become clear in recent years that structural 
response to ground motion constitutes a risk that is much 
more important in the nuclear field than was originally 
contemplated. In fact, it may well represent the limit- 
ing restraint on the yield level for planned events except 
in desolate areas. An additional problem--~even without 
significant damage--is the matter of public reaction to 
ground motion and to its effects. Education, briefings, 
new releases and courtesy can be most effective in this 
regard. 


In order to cope with ground motion effects currently 
and also to develop improved technology for the future, 
the Atomic Energy Commission, Nevada Operations Office, 
Effects Evaluation Division, conducts with the aid of its 
contractors continuing activity in seismic problems. John 
A. Blume and Associates Research Division is concerned with 
all aspects of structural response and surface effects for 
Nevada events and for other events in populated areas. 

The scope of the work includes all possibly affected sur- 
face structures and features. We also do long range re~ 
search in related problems and provide various services 
prior to, during and after detonations. We observed the 
1964 Salmon event in Mississippi since we had not been in 
the program long enough to participate as we have on all 
subsequent events at the Nevada Test Site, and on offsite 
events such as Gasbuggy, Faultless, Sterling, and Rulison 
now in progress. 


A great deal has been learned and yet there is still 
much to be done. Some of the effort depends upon knowledge 
derived from natural earthquakes over the years. We have 
been in that field for 3k decades. However, because of 
certain differences between the problems and the technologies 
associated with natural earthquakes and with manmade ground 
motion, new techniques and much greater accuracy and care 
are essential with the nuclear problem. A careful, step- 
by-step program has been conducted to acquire needed data 
and to improve the technology before crossing various 
thresholds. 


It must not be inferred that all the risk is associated 
with highrise buildings, although these buildings are the 
most sensitive to distant energy releases. There are a 
great many more low buildings, commercial and residential. 
This statistical exposure increases the probabilities of 
unusual occurrences. A particular problem, especially with 
low buildings, is that there usually are minor cracks or 
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other defects of which the owner isn't aware until he feels 
the building move. Most of these, however, can be cate- 
gorized as to time or cause by careful examination. There 
are often latent conditions that would lead to cracks or 
other problems whether or not the ground was vibrated. 

The motion, however, even at low levels, may trigger the 
existing mechanism sooner than under normal conditions. 

The total distress may well be no more after a period of 
time than if the ground motion had not occurred. 


Figure 1 shows the principal area of seismic field 
activities in the south and central portion of Nevada. 
The large NTS events cause significant motion in the bor- 
dering communities shown and also in Las Vegas, the largest 
city in the area. Of course, we have to be aware of all 
installations whether or not they are in communities. Our 
work within the test site is generally limited to test 
buildings, certain buildings which we monitor, and the 
Nuclear Rocket Development Station facilities at Jackass 
Flats. The map also shows the Central Nevada Testing Area 
which was the site for the Faultless event for which we 
considered many cities and towns not shown, including Salt 
Lake City, Reno, Sacramento, etc. As yields increase the 
area of interest also increases. 


RESPONSE DYNAMICS 


Because of the initial sparsity of strong nuclear ground 
motion data we utilize all possible information from the 
earthquake field in which we have been engaged for decades. 
There are similarities--and also differences--between natural 
earthquake and manmade ground motion data and procedures. 
Figure 2 shows the measured motion of one of the strongest 
earthquakes ever recorded. The USC&GS recorded the accel- 
eration time history shown on the upper diagram. The velo- 
city and displacements were obtained by integration. The 
periods, or pulse durations, increase with integration as 
shown by the number of zero crossings. 


Six simple vibrating systems are shown in Figure 3. 
Motion can be induced by displacing the base or the ground 
as indicated. In the elastic range in which no damage occurs 
the natural periods of the first five systems would not 
change with amplitude. However, if the rocking block were 
on a rigid base, its frequency would increase as amplitude 
decreases. Real buildings are, quite complex and yet they 
can be modeled reasonably well in some cases. The impor- 
tant properties are natural periods, damping, mode shapes, 
elastic strength, and inelastic properties beyond the linear 
range. 
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A basic principle in dynamics is amplification under 
resonant, or "tuned" conditions. Figure 4 shows steady state 
response under the continuous forcing of ground motion. If 
the ground motion period coincides with that of the struc- 
ture there is perfect tuning at a ratio of 1.0. In this 
case, only damping or energy absorption limits the response. 
With no damping, the theoretical response is infinite. 

Most modern buildings have low damping ratios--in the order 
of 2% to 5% of critical, where critical refers to the amount 
that would just prevent free vibration. Fortunately, there 
is seldom perfect tuning or sustained periodicity of ground 
motion. However, real building responses are greatly am- 
plified and resonant amplification is a real problem because 
perfect tuning is not required for response motion to greatly 
exceed the ground motion. 


In practice we do not deal with simple systems or sim- 
ple ground motion; both are quite complex. The analysis 
requires extensive mathematics and large, high speed com- 
puters. One very useful device is the response spectrum 
which shows at a glance how various idealized simple oscil- 
lators would respond to a particular time-history of ground 
motion. Figure 5 shows how oscillators of various natural 
periods and each with 5% of critical damping would respond 
to ground motion recorded at the NRDS facility at the test 
site. For example, an oscillator of 0.2-second period would 
have had a peak acceleration of about 0.10g. Because real 
buildings are not simple oscillators various corrections 
must be made in applying such response spectra. 


The response spectrum may be in terms of acceleration, 
velocity, or displacement. If one assumes the building is 
moving in harmonic motion there are simple relationships 
between acceleration, velocity, and displacement and one 
may consider them all at once on one plot. Figure 6 shows 
such a plot for event Greeley as recorded at the NRDS facility. 
Two damping values are shown, 2% and 10%. Note how greater 
damping decreases and smooths the response. For 10% damping, 
at a period of 2 seconds, the relative response velocity is 
3.4 cm/sec, the acceleration about 0.0lg and the relative 
displacement about 1 cm. 


RESPONSE SPECTRA 


The response spectra for several real earthquakes are 
shown in Figure 7 togethex with the Boxcar and the Faultless 
spectra for Las Vegas, station SE~6. All have 5% damping. 
The El Centro earthquake of 1940 was very strong and caused 
considerable damage in the short period range. There were 
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no buildings in the long period range. The Los Angeles 
response to the Taft earthquake of 1952 caused about 
$10,000,000 worth of damage to limited height buildings 
situated some 80 to 100 miles from the epicenter. The 
Fairbanks earthquake of 1967 caused damage to buildings 

in the short period range. The earthquake shown as Sacra- 
mento 1966 occurred near Truckee, California. This spectrum 
is very interesting because new highrise buildings having 
periods in the order of 1 second were just at the threshold 
of minor damage. It is also to be noted that this response 
in the range of 1 to 2 seconds is very close to that of 
Boxcar in Las Vegas for which no real damage has been re- 
ported. There are reasons to believe that Boxcar was close 
to a threshold of damage, perhaps at a 3-or 4-sigma prob- 
ability. The Faultless event, as shown, was much less 
severe in Las Vegas than Boxcar. 


There was some minor damage in Hattiesburg, Mississippi, 
from nuclear event Salmon in 1964. The response spectrum 
is shown in Figure 8. Also shown in the response spectrum 
for Boxcar in Las Vegas. There was no real damage in Las 
Vegas, although over 100 complaints were received. This is 
an example of the fallacy of using peak values as criteria 
without regard to period. The low buildings in Las Vegas 
(short periods) have received far less energy than those in 
Hattiesburg even though the Las Vegas peak velocity is some- 
what greater than Hattiesburg. Acceleration is more mean- 
ingful for low, rigid buildings. Note that the Las Vegas 
acceleration was much less than at Hattiesburg in the short 
period range. The relative displacements in Las Vegas have 
been much greater than in Hattiesburg. This affects the 
long period, tall buildings, of which there are many in 
Las Vegas. 


Figure 9 shows the Las Vegas response spectra for the 
three largest NTS events to date, Greeley, Boxcar and Benham. 
Note that in some period bands one event will have the greatest 
response while at other periods another event will have the 
greatest response. This is especiallv true between Greeley 
and Boxcar. Since buildings respond sensitively in accord- 
ance with their natural periods, these variations are very 
important. Broad generalizations can be very misleading 
for particular cases. 


Figure 10 is another way of looking at statistical 
variations. These curves are not spectra but upper and 
lower envelopes of 8 spectra--all 5% damped, all for one 
event, Benham, and all in Las Vegas. These are for hori- 
zontal motions at four different stations, all on desert 
alluvium, and about 4 miles (maximum) distance apart. 
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Since the range to the shot point was over 100 miles, its 
variations to the four stations are insignificant. Also 
interesting is the fact that different stations and components 
control the envelopes at various period values. Statistical 
variations and probabilities must be considered in predicting 
response to ground motion. 


Figure 11 shows 10% damped response spectra for pro- 
ject Gasbuggy at five different stations. The radial dis- 
tances from ground zero are shown in the figure. Note that 
at Farmington, 90 kilometers out, the motion at l-second 
period approaches the acceleration of stations only 34 kilo- 
meters our from GZ. 


Figure 12 shows response spectra in various cities for 
event Faultless detonated in Central Nevada in 1968. The 
designation SE-6 is for a Las Vegas station. The motion 
was felt by some persons in tall buildings at Salt Lake City, 
440 kilometers away. 


The more people sense ground or building motion the 
more they are apt to become frightened unless pre-warned 
and the more they will complain about possible damage. For 
this reason, and also to obtain a better coverage of motion 
over broad areas without the need for excessive instrumenta- 
tion, we have studied the threshold of human perception of 
motion. Figure 13 shows new data recently obtained in our 
laboratory in the long period range of 1 to 5 seconds typical 
of tall buildings and how this information adjoins previous 
data obtained by others in the short period range. It was 
found that acceleration is the best parameter for human 
reaction to motion. The heavy curve indicates the mean 
regression line and the lighter curves the variations at 
plus or minus one standard deviation. 


BUILDINGS, RESPONSE AND DAMAGE 


Figure 14 is a "threshold ladder". It has no scale 
but it does indicate the various levels of interest. There 
is usually a big gap between human perception of motion and 
the onset of damage. Many people in Las Vegas buildings 
have felt the largest NTS events. The problem is to define 
the damage levels. Actually, they vary greatly depending 
upon many parameters. One of our major objectives is to 
determine these thresholds over the entire spectrum of con- 
ditions. There is no reliable formula, criterion, or rule 
of thumb, although many have been proposed. 
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In estimating damage and in considering safety it is 
essential to know something about the inelastic characteris- 
tics of materials and buildings. It makes a big difference 
whether an overstressed material is brittle and will frac- 
ture or whether it is ductile and will simply crack and 
stretch. Figure 15 illustrates a ductile frame and a brittle 
wall. The relative energy absorption characteristics of 
these two systems may be judged by the area under the force- 
deformation curves. Often, the two types of systems are 
combined in real buildings. A building subject to sudden 
collapse must be treated differently--safetywise--than one 
that might deform but not collapse. 


A 15-story building has mode shapes as shown in Fig- 
ure 16 for the first three modes. The building would re- 
spond to ground motion depending on the frequency content 
of the ground motion. This particular building responded 
largely in its third mode to a local earthquake in 1957. 
The circles indicate where instruments measured the motion. 


Figure 17 indicates how a 4-story building can be ideal- 
ized mathematically as a system of lumped masses and weight- 
less springs. Note that if the floor system is flexible 
(as they are in most contemporary buildings) the system is 
far coupled and indeterminate. The stiffness matrix con- 
tains 10 different elements. Models like this are used to 
compute the response to complete time-histories of ground 
motion. 


The data in Figure 18 are for a Las Vegas highrise 
building. The squares represent measured response to NTS 
events. The mean peak top level acceleration is about 7 
times the peak ground acceleration. Empirical predictions 
can be made with such regression line analysis when impor- 
tant parameters are essentially constant. This is one way 
to extrapolate. The points shown generally fail within one 
standard deviation except for the small events for which 
Measurements are less accurate and more affected by "noise" 
or non-event conditions. Care must be taken to note new 
trends in such data. There are reasons why the linearity 
indicated may not prevail at greater motion. 


The spectrum curve shown in Figure 19 is for response 
to Las Vegas ground motion, 2% damping, event Knickerbocker. 
The circles represent the measured response of tall build- 
ings in the same event after correction for participation 
factor and modal’ combinations. The general correlation 
of the circles and the line is good, although there are 
variations for some buildings. We frequently compare theo- 
retical results with measured data and explore any anomalies. 
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We also use more exotic prediction methods than empir- 
ical and spectral response, although such are generally re- 
served for special cases or studies. One of these methods 
is the rigorous "time-history" procedure wherein a complete 
model of a real building is subjected to the complete time 
history of the ground motion as a forcing function. Fig- 
ure 20 compares measured top-level motion in a 21-story 
building to the same motion computed independently with 
the building model and the ground motion as measured some 
distance away from the building. The comparison here is 
excellent--in the amplitudes, the periods, and in the time 
scale. This indicates that the building was well modeled. 
The results are not always this good. Large, fast computers 
are necessary for such complex computations. 


DAMAGE ESTIMATION 


With no damage there is no hazard to persons. The 
motion itself is not of sufficient intensity or duration 
to cause physical harm. It is necessary to estimate the 
type and degree of damage, if any, as a means of determining 
whether evacuation should be recommended, or if those working 
on scaffolds should be cautioned; or perhaps whether tempo- 
rary bracing should be employed locally; or perhaps whether 
any of these steps is indicated. 


We have developed methods of estimating damage, or 
lack of damage, which take into account--in an orderly 
manner--the important theoretical and practical aspects of 
the complex problem. Given a whole exposure of ground motion 
from a large event, what are the probabilities of damage 
and the damage forecasts for all the various communities 
and types of structures and soil conditions? This is a 
problem involving structural theory, dynamics, soil condi- 
tions, joint probabilities of demand and capacity, and many 
other factors. The Spectral Matrix Method which we have 
developed uses predicted response velocities in 8 period 
bands as shown in Figure 21. It also includes 12 velocity 
rows as shown to form a 96-element matrix of "demand". In 
addition, the various types of structures are assigned yield 
point "capacities" in terms of pseudo spectral response 
velocity, inelastic characteristics, reserve energy capa- 
cities in the damaging range, and damping values, usually 
5% of critical. The "exposure" represents the replacement 
cost of all the structures in each area. Demand and capa- 
city are assigned probability distributions and the prob- 
abilities are computed for demand to exceed capacity, in 
which case damage begins. The output is damage for each 
community and category of building. This procedure is 


364 


limited only by the available data on real buildings and 
ground motion. It has been extended to cover multiple shots 
from various locations. 


There are many probability problems inherent in damage 
estimation. The small figure in the lower right corner of 
Figure 22 indicates demand in discrete values for convenience 
here. This is ground motion, generally highly skewed as 
shown. The ordinate is probability. The small figure at 
the upper left is for the structural capacity. The proba- 
bility distribution is often similar to Gaussian, but, of 
course, without negative values. The large 3-dimensional 
schematic diagram shows the joint probability of all com- 
binations of demand and capacity. The height represents 
probability, with the volume being unity. If DEM/CAP is 
less than 1 there is no damage. If it is more than 1, the 
damage extent varies in some manner as DEM/CAP. In the 
schematic shown, there is a small probability of damage. 
One must be concerned with low capacities getting together 
with high demands. This operation is included in the Spec- 
tral Matrix Method of Damage Prediction. It has been ex- 
tended to estimate damage in a whole country, from multiple 
shots, as in damage and safety studies for the proposed 
interoceanic canal. 


If there is a sufficient probability of damage we may 
recommend evacuation to AEC, NVO. We may in other cases 
recommend precautionary procedures or warnings to persons 
in that particular area. The actual warning to the people 
and the conduct of any evacuation measures by the U. S. 
Public Health Service is the responsibility of the NVO Test 
Manager. Temporary closure of roads through an area is 
sometimes recommended because of possible slope failure, 
rock falls, or perhaps because of the possibility of damage 
to the road itself. In such cases local highway patrol 
offices or the county sheriff's staff may be called upon 
by the Test Manager to establish road blocks and to advise 
motorists of delays or alternate routing. 


Predictions of ground motion effects with safety recom- 
mendations are made before every major event at the NTS and 
all offsite events in populated areas. These follow pre- 
shot surveys and complete coverage of all possible hazardous 
conditions or structures. During the events, instrumental 
records are obtained at strategic places, and observers are 
stationed at locations of special interest. Following events, 
re-surveys are made to check ‘for possible damage. A report 
is prepared to show how the actual response compared to the 
predicted, in view of the actual ground motion. This sharpens 
prediction capability and adds to the long range technology. 
Any complaints of possible damage are carefully and courteously 
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investigated and every effort is made to determine the real 

cause or causes of any existing trouble. If it can be shown 
that the ground motion could have caused the trouble, it is 

the policy of AEC to make appropriate settlement. 


All data obtained during and after the event, includ- 
ing the instrumental records, are carefully analyzed and 
permanently recorded. In many cases, detailed analyses 
are conducted. All of this adds to and advances the basic 
technology of predicting the effects of ground motion. The 
overall effort is conducted with checks and balances and 
scientific objectivity. Much progress is being made while, 
at the same time, observing the public welfare and safety. 
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QUESTIONS FOR JOHN BLUME 


From R. L. Long: 


!s there any way to experimentally determine the resonant frequencies 
of various building types before an event? 


ANSWER: 


Yes, there are several ways. The most of which we employ. One of 
the simplest and most old fashioned methods is simply to go.up Into 
a tall building on a windy day and get good records and analyze these 
very carefully to avoid gust factors to make sure you are getting 
the building in its natural swing. The limitation of this is that 
it only brings out the fundamental mode and you're still guessing 

as to the higher modes, so the next thing is to run a pull test if 
this is possible and we do this on test structures, but not on 
private buildings. We simply pull the building over with a wire 

and a rigging; snap the wire, let it vibrate and record what 
happens. The third method is by force vibration using machines to 
actually induce the type of response needed. We do this also, in 
fact we have a smal! machine for this purpose, but the problem is 
that it is very difficult to go into an occupied private building, 
and to say you want to cut their floor up and to hook a machine Into 
it. They just don’t like it. 


From Walt Kozlowski: 


What is your opinion of the structural integrity of the buildings 
in the Las Vegas area with respect to earthquakes and with respect 
to nuclear tests? 


ANSWER: 


First of all, let me say that Las Vegas operates under Zone | of 

the Uniform Building Code. Zone | means that it has very low seismic 
design coefficients. To give you another example, Salt Lake City 
operates under Zone 2 with double the design coefficients and Reno 

in Zone 3 with four times the design coefficients. Now the difference 
is not entirely that much, however, because the wind design may 
possibly govern over the seismic design. What usually happens in any 
tall building in the low seismic zone, however, is that wind wil] 
usually govern the design and means that you have a pretty strong 
building on the broadside in the motion that is transverse and a 
rather weak building in the longitudinal direction because they 
didn't put much wind on the end of the building when they designed 
it. So | would say that, like most cities, perhaps even a little 
more so, Las Vegas could have some earthquake problems. For example, 


the El Centro, California earthquake of 1940 if It occurred again 
or the Kern County, Callfornia earthquake of 1952, in my opinion 
would make the tall bulldings here respond. Whether or not there 
would be damage, | don't know. The more they respond the more 
chance of damage. Now why didn't this happen in 1952? There were 
no high-rise buildings then. The situation with regards to nuclear 
events Is that we just don't dare do much damage to buildings. We 
don't want to do any if we can avoid it. So they are all being 
watched very, very carefully. We are using them al! as guinea pigs. 


In fact, | think a great deal of information will come out of this 
Program that will be very, very useful in a natural earthquake 
field. 


From Jack Reed: 


What would be the natural frequency of the new forty-story buildings 
in Bogota and what yield would give peak motions at that frequency? 


ANSWER; 


A forty-story building, if it's a modern type building without many 
filler walls such as we used to have, could have a natural funda- 
mental period on the order of 3 to 5 seconds, possibly even longer. 
However, in South America they design a frame and then come in later 
and put in tile walis so the frame can't act as it was designed. 

The result is that the period is shortened, the building is stiffened 
and the tite walls will tend to act as structural members when the 
ground shock first comes along. This is unfortunate. It is not 
exclusively South America. We have a lot of these in the United 
States and some right in Las Vegas. The yield which would get out 
there is a little bit beyond my normal scope except to say that it 
would take very, very heavy yields and long distances combined to 
peak at this period. My guess is that we are probably talking 10 

or 20 megatons at that great distance. 
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Remarks of Rep. Craig Hosmer 
Joint Committee on Atomic Energy 
Symposium on the Public Health Aspects 
of Peaceful Nuclear Explosives 
April 8, 1969, Las Vegas, Nevada 


PLOWSHARE, POLITICS AND 
THE PUBLIC INTEREST (BANQUET ADDRESS) 


As a friend and strong supporter of the Plowshare Pro- 
gram, I am delighted at the opportunity to come here this 
evening to speak on its behalf. This is a very important 
meeting on a tremendously interesting subject. It is es- 
pecially timely for a variety of reasons. 


First, the Senate's recent ratification of the Non- 
Proliferation Treaty will have a positive, long-term impact 
on world-wide interest in applications of peaceful nuclear 
explosives. Article V of the Treaty deals specifically 
with this subject. The United States, as a nuclear weapons 
nation, promises to make the benefits of Plowshare avail- 
able to the non-weapons countries on a non-discriminatory 
basis. 


Second, President Nixon has indicated he intends to 
pursue the Plowshare program vigorously. A positive indi- 
cation of this was his instruction to AEC Chairman Glenn 
Seaborg regarding a feasibility study of blasting a harbor 
at Cape Keraudren in Australia. The project collapsed, 
but for totally non-nuclear reasons. Sentinel Mining Com- 
pany withdrew its interest because it couldn't make a sale 
to the Japanese of the iron ore to be shipped from Keraudren. 
But Cape Hedland and Cape Preston are emerging as alternate 
sites for alternate companies. An Australian Plowshare 
harbor is still a real possibility. You will be hearing 
about it quite soon. My lips are sealed for now. 


Third, The Joint Committee on Atomic Energy will re- 
sume hearings shortly on the Commercial Plowshare Services 
Bill. As you will recall, preliminary hearings were held 
on it last year, and I think the committee will broaden 
its view and look into several related issues this year. 

I am confident that passage of this bill and the informa- 
tion developed during the hearings will have positive effects 
on the pace of events in this field. 
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In short, we are approaching a period of greatly ac- 
celerated progress in Plowshare if certain obstacles are 
overcome. This symposium will contribute information, par- 
ticularly in the public health area, which is a prerequisite 
to a broad commercial program. In addition, I would hope 
that any new questions raised here and left unanswered can 
be tackled by the Joint Committee at its hearing. 


PROMISE OF THE PLOWSHARE PROGRAM 


It is interesting to me that the papers being presented 
and the topics being covered at this meeting are similar 
to those at another seminar about 12 years ago. That, too, 
was an historic meeting for Plowshare. 


In 1956, one of the periodic Middle East uprisings 
blocked off the Suez Canal to international shipping. With 
the patterns of international trade disrupted, serious thought 
began to focus on alternatives to and substitutes for the 
Suez Canal. Creative minds at the Lawrence Radiation Lab- 
oratory came up with one of the better ideas: namely, if 
you can't get through the existing canal, dig a new one! 

And do it with nuclear explosives. 


A year later, in 1957, the year in which the first 
underground shot was ever fired, a "brainstorming" symposium 
was organized at LRL to examine the concept of peaceful 
nuclear explosives. The program still had no name and very 
little money, but the scientists were certain they were on 
to something important. Sometime later, I don't recall 
when, Edward Teller succeeded in attaching the Plowshare 
name to it. 


Unlike today's symposium, the earlier one was cloaked 
in a necessary shroud of secrecy and security. 


The now declassified papers of 1957 demonstrate the 
remarkable clarity of foresight possessed by these Plow- 
share pioneers. With very few exceptions, their message 
was economics--how to introduce peaceful nuclear explosives 
into the marketplace at costs competitive with conventional 
industrial processes and technology. 


All three categories for possible use were mentioned-- 
excavation technology to build canals, harbors, or knock 
down geologic obstacles; underground engineering for petroleum 
production, gas stimulation, and mining; and scientific 
applications for seismic studies, neutron sources and new 
element production. With essentially zero experience in 
below~surface explosions of nuclear size, the participants 


recognized the key technical problem areas--radioactivity, 
containment and ground motion. 
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SOME OBSTACLES TO BE CLEARED 


Today, at this meeting, we are seeing where we have 
come and how far we still have to go. For a variety of 
reasons, we have not moved ahead in this field as fast as 
we might have. When you compare progress in reactor devel- 
opment with that in Plowshare since, say, 1960, I think 
it is clear that Plowshare has been dragging. 


There are understandable historical reasons for this. 
In the first place, Plowshare was, and to a large degree 
still is, a government reserve. Industry, the potential 
user, was not brought in at the beginning. Only in recent 
years have we seen the development of private industrial 
interest in specific applications. Meanwhile, classifica- 
tion, parental jealousy and over-protectiveness--all human 
frailties~-have played their delaying roles. 


Nor for the first decade and a half of the nuclear 
age was industry particularly alert to Plowshare opportun- 
ities. In 1958, for example, it rejected out-of-hand a 
joint AEC~Bureau of Mines proposal to detonate a Plowshare 
explosion in the oil shale of Colorado. The oil companies 
found a variety of superficial flaws in the project, without 
examining either its underlying concepts or its potentials. 
Later, of course, the nuclear test moratorium slowed Plow- 
share to a crawl and hindered establishing a rapport be~ 
tween government and the private sector. But that is past 
history. There is a healthy interest now. 


Probably the most exasperating obstacles to progress 
in this area have been and still are those so-called "lib- 
erals" whose conscience pangs cause them to view any peace- 
ful application of atomic energy in terms of a mushroom 
cloud. It strikes me as irrational that these people are 
offended by attempts to develop the power of the atom for 
man's benefit. They are 100% for foreign aid and the Peace 
Corps, but 100% against foreign Plowshare applications and 
200% against domestic ones. To hear them tell it, Plow- 
share, by itself, is the single major obstacle to total 
and complete world disarmament. 


In addition to the assorted professors, scientists, 
lawyers and literati who whine over Plowshare for philosoph- 
ical reasons, a hard core of Plowshare opponents seems to 
have developed within the Executive Branch of the govern- 
ment itself--particularly within the Budget Bureau, the 
State Department and the Arms Control and Disarmament Agency. 
Behind the scenes, this group strenuously fights to obstruct 
every attempt at upgrading the program. These people seem 
to have a paranoiac distrust and abhorrence for Plowshare, 
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which they cannot divorce in their minds from the weapons 
program. I am sure Article V of the NPT, which gives Plow- 
share international respectability, must have broken their 
bleeding hearts. 


Despite the fact that this program generally has strong 
support within Congress, industry, the AEC and in most cor- 
ners of the Executive Branch, this clique exercises consid- 
erable clout in opposing it, by budget constriction and 
otherwise. For example, in early 1967, the Cabriolet ex- 
periment was'summarily cancelled by the Johnson Administra- 
tion for fear of upsetting negotiations on the NPT and the 
Latin American Treaty on a Nuclear Free Zone. At that time, 
I made a speech in the House of Representatives questioning 
the judgment that led to this decision. It is totally beyond 
me how a research program aimed at developing the peaceful 
atom could be construed as detrimental to efforts at halt- 
ing the spread of nuclear weapons. 


Another more recent example concerns the late, lamented 
Cape Keraudren project. The AEC was directed by the Presi- 
dent to actively and promptly study the feasibility of the 
project. Yet this same anonymous brotherhood seemed to do 
everything within its power to prevent the Commission from 
getting any money, even for the feasibility study. 


Since the Limited Test Ban Treaty was signed in 1964, 
they have never ceased forwarding overly-legalistic inter- 
pretations calculated to eliminate the possibility of Plow- 
share excavations. The Treaty prohibits a nation from 
"causing to be present outside its national boundaries" 
radioactivity from a nuclear explosive device, warlike or 
peaceful. They claim one single radioactive atom beyond 
the three-mile limit would constitute a violation. Yet 
all of our standard radiation protection guides--even those 
adopted by the United Nations--state that radiation is "not 
present" when its measurable amount constitutes less than 
10% of the established maximum permissible concentration. 
Further, these guides relate to human exposure, not merely 
to abstract presence. 


Based on evidence which admittedly is somewhat tenuous, 
my own belief is that the Soviets are anxious to remove 
the handcuffs of the Limited Test Ban Treaty from nuclear 
excavations. They have plenty of geological cosmetology 
which is in their self interest to perform, just as we do. 
Since any treaty means precisely what the two most power- 
ful signatory nations say it means, I am of the opinion 
that the LTB can be rapidly brought into line with the 
facts-of-peaceful-nuclear explosions-life, if certain people 
in our own government will stop throwing up artificial hurdles. 


394 


WHAT WE HOPE TO DO THROUGH H. R. 477 


It is accurate to say that without the continuing sup- 
port of the Joint Committee, the Plowshare program might 
have been successfully sidetracked, eventually buried, and 
never heard of either domestically or on the international 
scene in the form of the NPT's Article V provisions. We 
may not be able to overcome all the anti-Plowshare forces 
in the government, but we are going to try to get Plowshare 
off the back burner by enacting H.R. 477, the Commercial 
Plowshare Services Bill. This Bill is co-sponsored by all 
the House members of the Joint Committee, and a Senate com- 
panion with similar bi-partisan support is expected shortly. 


Under present law the Atomic Energy Commission is es- 
sentially confined to experiments involving research and 
development. Our objective is to give the AEC authority 
to make Plowshare services available on a commercial basis. 
Since, under terms of the Non-Proliferation Treaty, the 
United States has an obligation to provide commercial ser- 
vices to non-nuclear nations, the new legislation is suf- 
ficiently comprehensive to accommodate foreign as well as 
domestic customers. 


PLOWSHARE--A BUSINESS 


As AEC gears up to furnish commercial Plowshare ser- 
vices, there are a number of business decisions and business- 
like procedures which need to be concluded. There are still, 
of course, technical areas needing additional R&D--which 
is your job. But some of the procedural and policy issues 
before us in government also need resolving: 


First, exactly what the government is to furnish under 
the category of "peaceful nuclear explosive services" must 
be defined, and the responsibilities of the customer and 
his engineering consultants must be fixed. Within the 
government, a management structure must be established to 
coordinate and control the various inputs which will be 
made by AEC, the Public Health Service, the Interior Depart- 
ment and other appropriate government agencies. 


Second, a standard line of devices must be established, 
perhaps 12 to 18 in number, providing a reasonable combin- 
ation of yields and other characteristics. After this 
initial R&D effort, it will be impossible to tailor each 
shot minutely to a customer's particular requirements. 

The government cannot be expected to involve itself in new 
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RED expenses every time another customer comes along. The 
Non-Proliferation Treaty requires that the charge for ser- 
vices to foreign customers exclude R&D cost and that the 
services be supplied on a non-discriminatory basis between 
all customers. Since this makes R&D expenses unrecoverable, 
the only way they can be minimized is by the standardiza- 
tion technique. 


Third, a price list must be posted which the NPT re- 
quires to be "reasonable" and which, in any event, is neces- 
sary if potential customers are to know enough about their 
costs to make rational decisions. 


Fourth, in the case of foreign customers, we must re- 
examine our agreements for cooperation, under which U.S. 
and other nations spell out the extent of their nuclear 
collaboration to make sure that special requirements as 
to Plowshare are covered. I have in mind such things as 
retention of the devices under U.S. custody and control, 
public health and safety responsibilities, liability ques- 
tions, compliance with the Limited Test Ban Treaty and the 
NPT and similar topics requiring orderly separation of 
responsibilities. 


Fifth, in the case of domestic customers, we shall 
have to establish regulatory control measures not unlike 
those that apply to nuclear power reactors and resolve juris- 
dictional questions between federal, state and local govern- 
ments. 


REGULATION AND CONTROL 


This area of regulation and control is as important 
to the formation of an industry as price, technology or any 
other factor. I foresee the AEC as the executive agent 
for the government for this purpose. In addition to devel- 
oping the devices and furnishing the explosives services, 
AEC's role is likely to include the following: 


--Absolute control of nuclear explosives until their 
detonation. 


--Protection of the public from harm caused by radio- 
activity or seismic damage at the time of detonation. 


--Protection of the public from harm caused by radio- 
activity present in any commercial product result- 
ing from a nuclear explosion. 


--Protection from physical damage to buildings or 
structures. 
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In assuming this regulatory role, the AEC should be 
cognizant of several characteristics of the industries most 
likely to be involved in commercial applications of nuclear 
explosives. Industries such as natural gas are already 
highly regulated. The FPC strictly controls the gas pipe- 
line industry. It typically requires two years to process 
an application for development of new gas fields, connec- 
tions to existing pipelines, construction of new pipelines 
and establishment of the rate structure for gas from such 
a field. 


Other agencies are involved in the safety aspects of 
pipeline construction and operation. The recent Santa 
Barbara Channel blowout bears witness to the government's 
present multi-agency involvement in environmental pollu- 
tion, and points to an ever expanding governmental role in 
safety and pollution aspects of industry. 


The point to be made here is that the AEC should recog- 
nize that it is moving into an area already strongly con- 
trolled by government, and that only those additional con- 
trols necessary under the Atomic Energy Act need be insti- 
tuted. Its function as to existing controls should be that 
of a coordinator in these peripheral areas. 


A possible scenario of the AEC's Plowshare regulatory 
role could go like this: The industrial applicant would 
be required to submit a detailed proposal for the project 
including the equivalent of a reactor safety analysis re- 
port which evaluates in detail radioactive and seismic safety 
at the time of detonation as well as possible product radio- 
logical contamination. The AEC would then conduct a de- 
tailed review of the proposed project in the same way 
reactor applications are reviewed. This review would be 
in parallel with other government regulatory reviews so 
that the already excessive regulatory times are not further 
extended by the AEC process. Assuming AEC approval of the 
application, provision probably should be made for a public 
hearing. Our options are either to provide a mandatory 
hearing in all cases, or just on request from affected 
Members of the public. 


Once the project has been approved, the AEC and the 
licensee would negotiate a contract covering the detona- 
tion services, explosives and arrangements for adequate 
insurance coverage. Preceding the detonation itself, the 
AEC would have to perform or coordinate inspections from 
the public health and safety standpoint, and assure that 
all emplacement and stemming procedures have been properly 
performed. Final legal permission then would be given for 
detonation. Following the shot, the AEC would be required 
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to retain control of the area as necessary to protect the 
public health and safety. 


The foregoing is not intended as a comprehensive de- 
scription of the probable Plowshare regulatory picture, 
but it does indicate the kinds of considerations involved 
and underlines the fact that large-scale applications of 
Plowshare technology are going to require carefully designed 
and intelligently administered procedures. 


DIVORCING PLOWSHARE BUSINESS FROM THE WEAPONS EFFORT 


At this point I am going to start treading on some 
toes, in the AEC in general and at the Lawrence Radiation 
Laboratory in particular. For I do not see how Plowshare 
can really succeed unless the responsibility for its peace- 
ful explosives devices and their use is divorced from the 
weapons program, which has an entirely different underlying 
philosophy. 


In Plowshare, the primary emphasis will have to be on 
economics. In this competitive field, economics is crucial. 
A Plowshare device does not have to be the most efficient 
nuclear device ever built. It doesn't have to be the 
smallest or the lightest. It must be safe and it must 
be clean. But it does not have to possess the ruggedness, 
reliability and other characteristics of a warhead. Since 
it is not a weapon, it will have to be designed, handled 
and used with the unique requirements of its users in mind. 
These users are not the Army, Navy and Air Force. They 
are civilians pursuing their economic enterprises in a 
cost competitive environment. 


From its inception, Plowshare has been a step-child 
of the weapons program, both at LRL, the Nevada Operations 
Office and at the Nevada Test Site. Until the recent series 
of Plowshare tests--Gasbuggy, Cabriolet, Buggy and Schooner-- 
this dependence was desirable, if not absolutely necessary, 
even though a side effect has been to associate the wea- 
pons and Plowshare programs together in the public mind. 
Now the time has come to separate the two, both in the 
public mind and as to technical objectives. 


LRL, NVOO and NTS from their inception have been dedi- 
cated almost exclusively to weapon devices and tests. They 
are geared up to satisfy one customer-gDOD. They have been 
a very efficient operation for this purpose, and we can 
be thankful as a nation for that. But they are not geared 
up, technically or philosophically, to satisfy efficiently 
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the El Paso Natural Gas Company, the Austral Oil Company, 
the Kennecott Copper Corporation, or other Plowshare cus- 
tomers. 


These weapons organizations are so traditionally geared 
to conducting test programs for military weapon systems 
that cost is of minor importance. On something as vital 
to our security as weapons R&D, we can't afford to quibble 
over a few dollars. But this basic attitude is incompatible 
with the Plowshare program, where you must quibble over 
pennies. If they don't develop economic explosives and 
emplacement methods, the whole purpose of the Plowshare 
program will become academic because industrial interest 
will vanish. 


The weapons scientists at LRL have an entirely dif- 
ferent set of values than does the Plowshare group. Yet 
during the execution period for any Plowshare event, re- 
sponsibility is transferred to the weapons people. There 
is even some evidence that Plowshare is little more than 
a nuisance to the weapons organizations, and that they con- 
duct Plowshare tests in the same extensive and expensive 
manner that weapons test procedures dictate. 


As an example, the LRL Plowshare engineering group 
formulated an operational plan for the Cape Keraudren pro- 
ject that involved operating from a ship anchored offshore. 
Maximum preparation of the explosive would be done at LRL 
before transportation to Australia by ship. At the site, 
operational personnel would be housed and fed on board the 
same ship. The emplacement of the explosives would be done 
from the ship, utilizing barge-mounted cranes. The vessel 
would then move to a safe distance, and the row charge of 
explosives fired by a radio link. This procedure could 
save $1.5 million over conventional land-based operations 
with air transportation of the explosives, amounting per- 
haps to 15% to 20% of the total project cost. But the 
entire concept was vetoed by the weapons test group for 
the apparent reason that they simply "don't do things that 
way." 


I don't have any specific recommendations to make in 
this area tonight, but I think it is something we all can 
think about--particularly within AEC. And the Joint Com- 
mittee should devote some careful attention to it during 
the hearings. We could consider whether the Plowshare pro- 
gram should be transferred to the oversight of another field 
office, such as San Francisco or Grand Junction. An inde- 
pendent Plowshare group could have complete responsibility 
for the design and fabrication of explosives, the conduct 
of experiments, and the conduct of the commercial service 
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itself. It would separate weapons and Plowshare philosoph- 
ically and politically, and it would assure that the pro- 
gram is responsive to the civilian user's technical and 
economic requirements. 


PLOWSHARE AND PUBLIC RELATIONS 


Before I leave you this evening, I would like to say 
a few words about the public relations aspects of this pro- 
gram. Despite the fact that we will be conducting these 
events in very remote and unpopulated areas, it still will 
be necessary to conduct an active PR campaign to demonstrate 
the benefits to be achieved. I think the unfortunate ex- 
perience with Project Ketch, where opposition from the 
public and state officials caused the withdrawal of the 
application, is an example of the continuing need to em- 
phasize the benefits to society. We found during the early 
days of the reactor development program that winning public 
support and defusing the nut-fringe must start early in 
the project and continue actively. For example, with an 
underground engineering shot, if we could show convincingly 
how this type of mining does not deface the surface of the 
earth, as does strip mining, we might even end up with the 
Sierra Club on our side. 


I don't think it is possible to overemphasize the 
importance of developing public support for Plowshare. 
Given a clear, accurate picture of the potential benefits 
and the high level of scientific precautions being taken, 
the public will not be unduly alarmed about possible hazards. 
For its part, industry must do its homework well and prompt- 
ly respond to public inquiry and hesitation. When this is 
done, this nation and the world will be able to glean the 
vast benefits available by applying this new engineering 
tool to man's advantage instead of his destruction. 
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ECOLOGICAL TRANSFER MECHANISMS - TERRESTRIAL* 


Willfam €. Martin, Gilbert E. Raines, 
Sanford G. Bloom, and Arthur A. Levin 
Battelle Memorial institute 
Columbus, Ohio 


ABSTRACT 


Radionuclides produced by nuclear excavation detona- 
tions and released to the environment may enter a variety 
of btogeochemical cyclee and follow easentially the sane 
transfer pathways as their stable-element counterparte. 
Estimation of potential internal radiation doses to in- 
dividuals and/or populations living in or near fallout- 
contaminated areas requires analysis of the food-chain 
and other ecological pathways by which radionculides 
released to the environment may be returned to man. A 
generalized materials transfer diagram, applicable to the 
forest, agricultural, freshwater and marine ecosystems 
providing food and water to the indigenous populations of 
Panama and Colombia in regions that could be affected by 
nuclear excavation of a sea-level canal between the 
Atlantic and Pacifie Oceans, ia presented. Transfer 
mechanisms effecting the movement of stable elements 
and radionuclides in terrestrial ecosystems are dis- 
cussed, and methods used to simulate these procaeses by 
menas of mathematical models are described to show how 
intake values are calculated for different radionuclides 
in the major ecological pathways leading to man. These 
data provide a basta for estimating potential internal 
radiation doses for comparison with the radtation- 
protection ertteria established by recognized authorities; 
and thia, in turn, providea a basis for recommending 
measures to tnsure the radiological safety of the nuclear 
operatton plan. 


a 


*These studies were supported by U. 5. Atomic Energy Commission, 
Nevada Operation Office, Contract AT(26-1)-I71. 
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INTRODUCT 1 ON 


Some of the proposed peaceful uses of nuclear explosives, which 
involve nuclear cratering will result in the release of radionuclides 
to the biosphere. These radionuclides will be redistributed by 
ecological processes and may be transported to man in the form of 
contaminated foods and water, thus resulting in his exposure to inter- 
nal radiation. A thorough evaluation of the public health aspects 
of these peaceful uses of nuclear explosives will therefore require 
an evaluation of potential interna! radiation doses to man, and this 
requires an understanding of the ecological transfer mechanisms 
whereby radionuclides deposited in the biosphere may be returned to 
man. 


During the past four years, the Battelte Memorial Itnstitute- 
Columbus Laboratories, and various subcontractors have been engaged 
in a program of ecological studies designed to evaluate the radio- 
logical safety feasibility of using nuclear explosives to excavate a 
sea-leve! cana) between the Atlantic and Pacific Oceans.!»3 The 
basic objective of this program is to estimate the potential external 
and internal radiation doses to people fiving in or near the areas 
that would be contaminated by radioactive debris from the proposed 
nuclear detonations. These estimates can then be used in planning 
the nuclear operation in such a way that the radiological safety of 
both project personnel and the general population would be assured. 


Estimates of external radiation doses can be made on the basis 
of source term4 and fallout? predictions, but the models used to cal- 
culate potential internal radiaton doses® also require estimates of 
the probable rates of radionuclide ingestion by the people com- 
prising the reference population. These estimates are being provided 
by mathematical mode!s designed to simulate the ecological redis- 
tribution of radionuclides and their transport to man via contaminated 
foods and water. 


(In this paper we shall describe some of the general procedures 
and concepts that have been used in developing ecological models. As 
implied by the title, the examples used wil! be based primarily on 
terrestrial ecosystem studies although the procedures and concepts 
involved may have a wider application. Since the studies from which 
these examples are drawn are not finished, emphasis will be on methods 
instead of results. 


Pathways of Radionuclide Transport 


Figure [ is a highly generalized diagram showing some of the 
major pathways of potential radionuclide transport from the biosphere 
to man in an area such as eastern Panama and northwestern Colombia. In 
this area, the subsistence economy of the indigenous population depends 
primarily upon primitive agriculture, hunting in the forests, and 
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fishing in the freshwater streams and oceans. Virtually ali the foods 
and water comprising the total diet are derived from the immediate 
environment. Between 65 and 85 percent of the solid foods included 

in the diets of people now living in the area is derived from the 
terrestrial environment, i.e., from the forest and agricultural eco- 
systems indicated by the diagram./,8 


Transfers from forest and agricultural to freshwater and marine eco- 
systems are accomplished primarily by hydrological processes.? Transfers 
from one compartment to another within the terrestrial ecosystems are ac- 
complished by a variety of transfer mechanisms most of which involve the 
movement of water and/or organic matter. For example, the transfer of 
radionuclides or stable elements from the leaf to the litter compartment 
of a forest may be due to the mechanical remova! of faiiout particles, the 
washing and leaching action of rain, leaf fall, deposition of herbivore 
excreta, etc. Transfers from the litter to the soil compartment involve 
decay processes, leaching by rain, percolation of water through the soil, 
etc. Transfers from the soil to the fruit or other edible parts of a 
plant involve root absorption, transpiration, translocation within the 
pliant, and a variety of metabolic processes. A similar array of transfer 
mechanisms can be recognized for the pathways connecting other compart- 
ments; but, as will be illustrated later, it is often possible to obtain 
estimates of intercompartmental flow rates and other parameters used in 
ecological modeling without having an exact knowledge of the transfer 
mechanisms responsible for the flow. 


General Approach to Mathematical Modeling 


A mathematical model designed to simulate the entire process of 
radionuclide redistribution, even to the relatively f!ow degree of 
resolution indicated by Figure |, would be required to consider a 
large number of variables including (1) the more than 300 radionuclides 
produced by nuclear cratering explosions, (2) one or more patterns of 
predicted fallout deposition, (3) an indefinite number of ecosystems 
and all the materials transport pathways that characterize them, (4) 
the physical and/or biological transfer mechanisms that characterize 
each transport pathway, (5) an indefinite number of population sub- 
groups depending on the ecological and cultural factors which determine 
variations in dietary habits, (6) a variety of physiological parameters 
which are different for different radionucidies and may vary with 
respect to age or other characteristics of population subgroups. 


From a strictly scientific point of view, a detailed model con- 
sidering all these parameters, especially if it had already been tested 
under realistic field conidtions, would provide an excellent basis for 
evaluating potential radionuclide intakes by people living in or near 
the area that would be contaminated by radioactive debris. However, 
for present purposes, it is neither necessary nor practica! to consider 
all aspects of the radionuclide redistribution process. Many of the 
radionuclides produced by nuclear cratering explosions are produced 
in such smali quantities or have such short radiologica! half-lives 
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that their contributions to potential internal radiation doses are 
probably negligible. Many of the possible redistribution pathways 

are of little direct concern because they do not lead to man, and many 
of those that do tead to man are inconsequential because they 
represent foods that are consumed in very small quantities. Further- 
more, the experimental data required for the development of a detailed 
model are neither readily available nor could they be collected during 
the time ordinarily available for a feasibility study. !n many cases, 
where a detailed model could be used, it may still be desirable to use 
a simple modei because the variations introduced by the detailed 

model are of little consequence, and the more sophisticated mathe- 
matical approach would needlessty complicate the overal! model. 


The approach we have taken is designed to simplify the problem 
as much as possible in order to concentrate our attention and efforts 
on the most important parameters affecting potential dose calculations. 
First, the production of 318 radionuclides was calculated for each of 
22 detonations. Radionuclides having an inventory of less than one 
Curie 28 days after any detonation were assumed to make no significant 
contribution to the potential internal dose. This procedure etimin- 
ated all but 53 of the original 318 radionuclides from more detailed 
consideration. The 53 radionuclides remaining after the first screening 
were evaluated by means of a simple two-compartment model which, based 
on conservative assumptions concerning the general behavior of radio- 
nuclides in the biosphere, is used to calculate the maximum, probable 
contribution of each radionucidie to the internal radiation dose. The 
22 radionuclides whose combined contributions added up to an insignifi- 
cant dose (i.e., <l rem infinite dose) were then eliminated from further 
consideration. The 31 radionuclides remaining after this step are now 
being evaluated on the basis of a generalized, multicompartment trans~ 
port model which is more realistic than the two-compartment mode! but 
still contains a number of conservative assumptions and makes use of 
parameter values which tend to overestimate the potential radiation 
dose due to each radionuclide. This process of elimination will be 
repeated until only a few radionuctides need to be treated in the most 
complex transport model. 


The advantages of this approach are that the number of radionuclides 
to be considered at each step is expected to decrease as the complexity 
of the model increases. Obviously, the most complex and presumably most 
realistic model in the series or hierarchy of models will be no better 
than the experimental data available for formulating the model and cal- 
culating the critical parameters. The present state of the art may 
not permit us to advance beyond tne second or third stage In the 
hierarchy; but to the extent that the preliminary models are valid, they 
can be used to indicate the kinds of data required for developing more 
detailed transport models for the most important radionuclides in the 
most important ecological pathways leading to man. The next logical 
step in this procedure would be to test the different parts of the model 
under realistic field conditions, but we have not yet had an opportunity 
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to take this step. 


Modified Specific Activity Model 


The simple, two-compartment model used for the second screening 
of radionucldies is based on a number of assumptions which Lowman ! 

will probably discuss in greater detail. First, we assume that the 
radionuclides and stable elements released to the biosphere by a 

nuclear cratering explosion will become mixed with the stable elements 
already present in the biosphere. Radionuclides will then be redis- 
tributed by the same ecologica! processes and follow the same routes 

of transfer as their stable element counterparts. If the physical 

and biological processes involved in the transport of radionuclides 

and stable elements to man exhibit no significant discrimination 

between a radionuclide and its corresponding stable element, the specific 
activity (i.e., the ratio of the concentration of a radionuclide to the 
concentration of the corresponding stable element) of man's diet cannot 
exceed the specific activity of the radioactive debris. 


{n the two-compartment mode!, compartment | represents a hypo- 
thetical total diet, and compartment 2 represents a criticat organ of 
"Standard Man," The specific activity of each radionuclide in compart- 
ment | is assumed to be the same as that of the radioactive debris 
produced by a nuclear cratering explosion. This is roughly equivalent 
to substituting radioactive debris for man's normai intake of each 
stable element and neglecting the dilution that would result due to 
mixing with the stable elements already present in the food. 


Flow rates in and out of compartment 2 are based on the physio- 
logical data tabulated by ICRP!! for "Standard Man." For each element, 
the flow rate from compartment |! to compartment 2 is the preduct of 
the element ingestion rate and the fraction of the element ingested 
that reaches the critical organ. The flow rate out of compartment 2 
depends on (a) the total amount of element, both radioactive and 
stable, present in compartment 2, (b) the biological efimination 
rate coefficient of the element, and (c) the radioactive decay rate 
coefficient of the radionuclide. 


For all organs, except the gastrointestinal tract, the solution 
to the two-compartment model can be formulated as follows: 


Ss) = S$, (0) exp (rag t) (1) 
F,, S,(0) exp (-,, t) 
21 “1 R 
Yo = i ee [1~exp (Ag t)] (2) 
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where, $,(0) is the initial specific activity of the radio- 
active debris, 


AR is the radioactive decay coefficient, 
Y2 is the amount of radionuclide in compartment 2, 
Foy is the element flow rate from compartment [ to 


compartment 2, 


and AB is the biological elimination rate coefficient. 


The movement of material through the gastrointestinal tract 
cannot be adequately described by a biological elimination rate 
because the material does not remain in one place long enough tor 
complete mixing to occur. An approximation for the average radio- 
nuclide content of a given portion of the tract is the product of 
the rate at which the radionuclide enters that portion and the time 
it takes material fo traverse it. Allowing the radionuclide to decay 
during the time it takes ingested food to reach a particular portion 
of the gastrointestinal tract gives 


Yp = Foy $160) T2 exp (AQ) Uy (e-74) (3) 


where, Tv is the time it takes ingested material to 
reach a given portion of the tract, 


1? is the time it takes ingested materia! to 
traverse that portion of the tract, 


and UL} is the unit step function defined by, 


UL, (x) = 0 for x <0 


Uy (x) 1 for x50. 

The iCRP has also tabulated the data needed to calculate the 
dose rate to a critical organ of "Standard Man" per unit (Y2) of 
radionuclide deposited in the critical organ. This value is the R 
term in Equation (4) and (5) below; it is a constant for a given 
radionuctide im a given critical organ. Equation (4) and (5) are 
obtained by mu!tiplying Equation (2) and (3) by R and integrating 
the resulting expressions with respect to time. Equation (5) 
applies to the gastrointestinal tract while Equation (4) applies to 
all other critical organs. 


406 


1 exp (-\p ©) 
D= RF), 8,(0) [ Oa a 


AR AB 
exp (- Qp tag) ¢) (4) 
hag Oa eRe) ] 
RF,, S.(0 T, - 
21 “1 2. (5) 
cease Lexp (rag 7) - exp Cag O] Uy (ET) 


Equation (4) and (5) were used to calculate the maximum likely 
contributions of each of the 53 radionuctides whose inventory 28 days 
after at least one of the 22 detonations was one Curie or more to the 
critical organs listed by ICRP. The time interval considered for these 
calculations was from 28 days to 50 years after the last detonation. 


Arranging the calculated dose contributions in descending order 
and calculating the cumulative sum indicated that 22 of the 53 radio- 
nuclides considered would contribute a total dose of slightly less than 
one rem. As a conservative estimate, a dose contribution of one rem 
can be assigned to al! but the 3! radionuclides whose contributions to 
the potential dose are to be evaiuated on the basis of a more detailed, 
more realistic model. 


The procedure described above should result in highly conservative 
overestimates of potential internal radiation because it ignores the 
dilution effects of several important processes. In the first place, 
the estimates of initial specific activity, S;(0), are based on the 
assumption that radionuclides produced by a nuclear cratering explosion 
are mixed only with the amounts of stable elements contained in the 
firebal| volume. Since experimental data!2 indicate that the radio- 
nuclides should be mixed with a much larger volume of stable elements, 
the radioactive debris actually released to the biosphere should have 
a much tower specific activity than that calculated for use in 
Equations (1) and (2). If it is true that radionuclides and stable 
elements follow the same transport pathways and exhibit the same eco- 
logical behavior, environmental and biological dilution, as well as the 
radioactive decay that will occur during the process of ecological 
transport from the biosphere to man, will further reduce and diiute 
the specific activities of radionuclides in man's diet. Since exclusion 
of these factors from the two-compartment model should result in over- 
estimates of the contributions of nearly all radionuclides to the 
potential, internal radiation dose, we should not be far off in assuming 
that this mode! provides a valid method of reducing the list of radio- 
nuclides to be considered in the more detailed models of radionuclide 
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redistribution In the biosphere and transport to man. [For simplicity's 
sake we'll call the radionuclides eliminated in this model "insignifi- 
cant," and those remaining we'll cali "significant."] 


General Equations for Radionuclide Transport Models 


Generally, we have assumed that the transport of "significant" 
radionucl|!des through food chains or food webs, such as illustrated 
in Figure |, can be described by mathematical models consisting of first 
order, ordinary differential equations. This type of model is a logical 
extension of the model for radionuclide decay chains.!5 Similar models 
have been used by icRP!! +o estimate maximum permissible concentrations 
of radionuclides in air and water and by several ecologists!4-!7 tor 
more genera! descriptions of ecosystems. 


The general equation for the mode! is based on the assumptions 
that (1) the functional components or compartments of ecosystems are 
large enough that the average radionuclide or stable element content of 
a compartment can be described by continuous mathematics, (2) the 
radionuclide or stable element flowing into a compartment is completely 
mixed with the stable element and/or radionuclide already present in 
the compartment, and (3) the rate of a radionuclide or stable element 
transfer is given by the product of a transfer coefficient and the 
amount of radionuclide or stable element in the transmitting compart- 
ment. Thus the total flow of a radionuclide or stable element in and 
out of a given compartment in the food chain or food web can be formu- 
lated as shown in Equation (6) below. 


N N 
Sky gictucite 
ane a ar ni 
n= 
nfi n#i 
ay, ud 
or wae tag 7 2 din “y ie=1, 2...N (6) 
n= 
n#i 
where, the ith compartment is the compartment of reference and 


all other compartments are designated n, 


Yj is the amount of a radionuctide in the it? com- 
partment (uCi), 


is the amount of a radionuclide in the nth com- 
partment (yCi), 
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a: 


in and A,; are rate coefficients for transfers into and 


out of the ith compartments (day7!), 
N 
ligt 2. has 
qi 1 ni 
n#i 


and N is the total number of compartments 


Usually, the Gn and 4,4; values can be treated as constants or 
as cyclical functions of time, and this simplifies Equation (6) to a 
system of linear differential equations. 


Each equation of the system of equations given by Equation (6) 
can be derived in different ways. The most direct method of derivation 
is possible if (a) the stable element content of each compartment of 
the ecosystem is known, (b) all the intercompartmental flow rates of 
the stable elements are known, and (c) it can de assumed that the 
behavior of a radionuclide is identical to that of the corresponding 
stable etement. The material balance for a given radionuclide is 
then given by 


N N 

et Wa ae ee (ey nita 

dt rE c, i Cc, J ni R) (7) 
n#i n#i 


i=1, 2, ...N 


h 


where, the it compartment is the reference compartment and 


all other compartments are designated n, 


Y; and Y, are the amounts of a radionuclide in com- 
partments i and n (uCi), 


Fi, and F,j are the total element, both stable and 
radioactive, flow rates into and out of com- 
partment i (g. element/day), 

Ci and om are the total element, both stable and radio- 

active contents of compartments i and n (g. 
element), 


AR is the radioactive decay coefficient (day7!), 
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Fy ¥ is the radionuctide flow rate into 
) non " 
—— compartment i from all other com- 
n= n partments (yCi/day), 


N is the radionuclide loss rate 
Y; ( Ll \ Fi +h ) from compartment | to all other 
—— ni R 
Cc, fy compartments plus the toss rate 
nf due to radioactive decay (yCi/day), 
d Yj 
and —— is the rate of change of the radionuc!ide content 


dt of compartment i (uCi/day). 


lf the stable element contents of all compartments are constant 
and the intercompartmental flow rates are constants, the flow rates of 
stable elements into a compartment must equal the loss rate, i.e., 


N N 
F F 
vey 49 r a 
n#i n#i 


This, of course, implies an ecological steady state in which the 
biomass of the various ecosystem compartments, and the concentrations of 
different elements in each compartment, are more or less constant during 
the time interval considered. Such conditions appear to be approximated 
in climax forest ecosystems where the annual rates of community photo- 
synthesis and community respiration are approximatety equal and the 
biomasses of plant and animal populations are approximately the same 
from one year to another. For such a system, the principal data required 
to construct transport models based on Equation 7 are measurements or 
estimates of compartment capacities (C;) and intercompartmental flow 
rates (F;,) for the element or elements of interest. 


Compartment capacities can be estimated, on a unit area basis, 
as the product of compartment biomass (g biomass/m2) and element con- 
centration (g element/g biomass). Many of the intercompartmental flow 
rates can be obtained by measuring the rates of water and/or organic 
matter movement, and others can be inferred from these. Bloom!8 and 
McGinnis and Golley!9 provide excelent descriptions of how these pro- 
cedures may be applied to a tropical forest eco-system. 


If during the time interval considered, there is an increase in 
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the biomass or stable element content of one or more of the compartments 
of an ecosystem, the system wil! not exhibit the kind of steady state 
equilibrium described above. There is, however, another kind of steady 
state condition which occurs when the tota! stable element content is a 
constant fraction of the weight or biomass of the compartment. In this 
case, the flow rate of the element into the compartment must equa! the 
sum of the loss rates plus the rate of increase of element content due 

to growth of the compartment. This form of steady state has been used in 
the evaluation of radionuclide transport in marine ecosystems , 20 and it 
should be generally applicable to growing organisms. 


Equation (8) is a generalization of the derivation given in 
reference (20). 


N 
dy dc f, ¥. 
i i in “n 
de (ae Ag Cy +ager,) ) C 
n=1 n 
ngi 
G3 + AR) Yy iexl, 2, ...N (8) 
d C, 
where, — Is the increase of total element content due to 


dt the growth of compartment i (g/day), 


€ is a factor which converts radioactivity units 
to mass units (g/yCi), 


fin is the fraction of the element input to compart~ 
ment I which comes from compartment n (dimension- 
tess), 
N 
and di fin el. 
n= 
n#i 


The relationship indicated by Equation (8) can be assumed for 
either plant or animal compartments of either stable or devetoping 
ecosystems. As will be illustrated in the discussion which follows, it 
can also be applied to cultivated crops. 

A Simple Crop Model 


Tre principal food plants cultivated in eastern Panama and 
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northwestern Colombia are banana, plantain, rice, and corn. Banana 

and plantain are usually grown in semipermanent piantations and harvested 
throughout the year. Rice and corn are planted in fields which have been 
prepared by cutting and burning the secondary vegetation or mature forest 
and harvested once or twice per year. After a few years of cultivation, 
crop yleids drop off and the fields are allowed to revert to secondary 
vegetation. 


While a great deal is known about plant physiology and the uptake 
of minerals from soils, there is no general mode! for predicting the 
accumulation of fallout radionuclides in the edible parts of plants. 
Without experimental data from tracer experiments involving the princi- 
pal radionuclides, different crop species, and various soil types of 
interest, the use of concentration factors may not be reliable. Analyt- 
ical data show no consistent relationship between the concentrations 
of elements in paired samples of plant tissues and soil extracts.2 
However, the chemical composition of a given plant tissue is much less 
variable than that of the different soil types on which it is grown. 


In developing a simple, conservative model to obtain rough 
estimates of radionuclide concentrations in the edible parts of crops 
grown in fallout contaminated areas, we have made the following 
assumptions: 


CH) The element composition of the edible part is constant 
and can be defined by the mean element concentrations 
of representative samples. 


(2) The concentration of an element in the plant compartment 
does not change during growth. 


(3) The ratio of elements taken up from the soil and via 
translocation from foliage is the same as the ratio of 
elements in the compartment of reference, i.e., com- 
partment 3 in Figure 2. 


(4) All compartments are well mixed, in equilibrium with 
respect to total element content and not changing in 
biomass with respect to time. 


These assumptions imply a situation in which harvesting is a con- 
tinuous process, the rate of harvesting is equal to the growth rate, 
and the biomass of unharvested edibles is constant. This is a reason- 
able approximation to the harvesting of plantain and banana; and since 
lifetime doses are calculated on the basis of 590 or 70 years, it is 
not as bad as it might appear for annual crops. For short-term appl i- 
cations, models could be developed to represent the intermittent 
character of crop growth and harvest, but for the present application 
this does not appear to be warranted. 
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Equation (9) shows the assumed retationship between harvesting 
rate and the rate of total element input from foliage and soil. 


H iach Ww) = ka re. Ww) + ko 3 a, Wo) (9) 
where, H is the harvesting rate coefficient (years7!), 
Xj is the ratio of a given element to the total 


element content of the jth compartment (dimen- 
siontess), 


Ww. is the average biomass or weight per unit area 
of the jth compartment (g/m2), 


ki 3 is the transtocation coefficient (years7!), 
and k2 03 is the uptake coefficient (years7!). 
Values for these parameters can be estimated as follows: 


C1) Since the harvesting rate and the growth rate are 
assumed to be equal, H is the harvesting rate or 
growth rate (g/m2/y) divided by the average biomass 
(g/m2) . 


(2) The average biomass, W;, of the jth compartment is, in 
this case, equivalent to the average standing crop of 
fotlage or plant edibles; the value for soil is based 
on an arbitrary depth of soil, the depth of the inter- 
flow layer for example. 


(3) Assuming ‘I 3 values are very small, except for radio- 
Ke 


nuclides, k2,3 values can be estimated using Equation 
10 below. 
XK, W. 
373 
k. eH (10) 
2,3 W Ky 
(4) The k values can be determined by means of tracer 


experiments such as those described by Thomasson, Bolch, 
and Gamble22 in which !34Cs and other radionuclides were 
applied to banana and coconut leaves and samples of fruit 
were collected at various times after the tracer appli- 
cation. The transfer coefficient, kj) ,3, can be determined 
from the observed exponential rate of radionuclide 
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accumulation in the fruit. The rate of foliar uptake 
of cesium is extremely rapid, and application of the 
transfer coefficient for cesium to other radionuclides 
should result in conservative overestimates of input 
rates. 


Analytical solutions for the time variant concentration of a 
given radionuclide in each of the three compartments are given below 
for a pulse input to the system. The differential equation for the 
foliage compartment is 


d Ny 
Ge yg Kg AQ) a) 
where, Ny is the radionuclide content of the foliage com- 
partment on a unit area basis (uCi/cm2), 
Ae is the radioactive decay rate coefficient 
(day7!), 
and +: is time (days). 
For t = 0 
N, (0) = a, W) Fy (12) 
where, a is an interception coetficent (em2/g)23 
Wy is the average biomass of compartment | (g/cm?) * 
Fp is the fallout input for the reference radio- 


nuclide (uwCi/cm2), 


The solution of Equation (11), the foliage compartment is 


i - (13) 
Ny = N, (0) exp [ (Ky 9 + Ki + Ap) t] 
ay 
or S, = a Fy exp [-(k 2+ a3 + Ap) ty (14) 


*The product, ay W,, is the fraction of fallout intercepted by plant 
foliage. 


4i4 


where, 8, "Ge = specific activity. 


The differential equation for compartment 2, the soil compart- 
ment, is 


sali: (15) 
ae Kyo Ny Oy t Ky g + AR) Np 


where, No is the radionuclide content of the soil compart- 
ment on a unit area basis (uCi/em2), 

and ky is a hydrological removal coefficient (day7!)24, 

For t = 0, 


Np (0) = (1 — @ W) Fy (16) 


i.e., the fallout not initially intercepted by foliage is deposited on 
the soil. 


The solution of Equation (15), the soil compartment is 


= m2 t 
N, = N,(0) € 
j pt ay 
De as 1 
per : ] a7) 
(yg + Ky 3) - Cy + yg) 
Ny () 
or 8) = xX, W = specific activity of com- (18) 
202 partment 2 
where @y 9 Bya > Bsa Ap 
and o7 
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The differential equation for compartment 3, the plant edibles 
compartment, is 


dN 


rae Ny + ko 3 Np — C+ AQ) Ng Mee 
where, Ns is the radionuclide content of the plant edibles 
compartment on a unit area basis (uCi/cm2), 
For t = 0, 
N3(0) = 0 


The solution of Equation 19, the plant edibles compartment, is 


A, t Gy, t 
1 
Sc EMRE), (Oe CRE 
3 ki 2 + ki 3 +H 
Wt a t 
zt 
k, 5 N,(0) (e ee? ) 
ky + ko 3 -—H 
. Ko 3 Ki2 4 
Cyt Rog Kye my gH ky ky gd Ck) + ky — BD 
re Yt Ayn t 
_ 1 7 2 
x/ (ky + 3 Hh) é + (H kya ka) é 
(21) 
Sblie 3 t | 
+ (kyo + ky ig Wy mk 3) & 
N,(t) 
or S3 "x = specific activity of com- (22) 
33 partment 3 


where, oz = H+ AR: 
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With reference to Figure 2, the first term of Equation (21) 
represents the faliout-to-foliage-to-plant edibles pathway of radio- 
nuclide transport; the second term represents the fal lout-to-soi |-to 
plant edibles pathway; and the third term represents the fallout-to- 
follage-to-soi |-to-plant edibles pathway. The movement of elements 
from soil to roots, stems, leaves, or other parts of the plant before 
deposition in the edible part of the plant, is not considered in the 
model. tn other words, k7,3, iS an overall! transfer coefficient for 
the general transport pathway from soi! to plant edibles. It should 
also be noted that the pathway involving the transport to plant 
edibles of materials deposited externally on foliage rarely accounts 
for more than an insignificant fraction of the total element reaching 
the plant edibles compartment even though it may account for a major 
fraction of the radionuclide. 


The derivation of analytical solutions given in Equation (11) 
through (22) serves to elucidate the general procedure. However when 
the models for different ecosystems are coupled to obtain a general 
model of radionuclide redistribution and transport to man, a number 
of complications arise which usually make it necessary to resort to 
numerical solutions. For example, constant hydrological removal 
coefficients, k,, may not be appropriate; fallout input, Fa, varies 
geographically and, in the case of canal excavation, it cannot be 
adequately expressed as a single pulse. 


A_Simple Transport Model for Terrestrial and Aquatic Ecosystems 


Figure 3 illustrates an eight-compartment transport model in which 
the pathways illustrated in Figure 2 are coupled to other pathways lead- 
ing from terrestrial and aquatic ecosystems to man, While the eight- 
compartment model is more complex and more realistic than the models 
described earlier, it represents a much lower degree of resolution 
than iltustrated by Figure | and still incorporates a number of highly 
conservative assumptions. 


As shown in Figure 3, man's total diet is assumed to be composed 
of specific quantities of fish, surface water, piant edibles, and 
terrestrial animals. The quantities used were selected to represent 
the population groups having the highest fish consumption, the highest 
water consumption, the highest consumption of plant materials, and the 
highest consumption of terrestrial animals. Describing the total diet 
according to these criteria results in a hypothetical food and water 
intake almost twice as high as the intakes actually observed by 
anthropologists who made quantitative dietary studies in the field./.8 


Values for the element contents of the compartments and for the 
intercompartmental transfer coefficients were selected, on the basis of 
data collected by field survey teams and data in the !/iterature, to 
represent average or typical values of the sort indicated. In cases 
where "average" or "typical" values were in doubt, other values were 
selected arbitrarily to maximize the final dose estimates. To further 
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increase the conservatism of the results, fallout input was calculated 
on the assumption that all detonations occur at the same time. The 
most heavily contaminated watershed was selected as the worst place 
that humans could possibly be, and dry season rainfall! rates were 

used to minimize the rate of flushing from the land to the sea. 


The radionuclides evaluated by the eight-compartment mode! were 
the 31 radionuclides remaining after application of the two-compartment 
specific activity model, namely - 3H, !4c, 32p, 89sr, 90sr, 95zr, I5Nb, 
103Ru, 106Ru, 1245p, !23sp, 1Z?mTe, 129mTe, 131), 132Te, 14Ice, [43pr 
l44ce, I51sm, '55ey, 18lw, 185w, '88y, 1954u, 196au, 205ug, 216pp, 238py, 
239py, 240pu, and 24!Pu. Typical dose estimates obtained by this pro- 
cedure are given in Table !. The calculation for zero time to infinity 
indicates that the cumulative dose contributed by 5 of the 3! radio- 
nuclides (124sp, 125gp, 127mTe, Sism, and !53Eu) would total less 
than one rem. Allowing ali radionuctides to decay for 100 days and 
calculating the dose from 100 days to infinity indicated that the con- 
tribution from !! of the 31 radionuclides would be less than one rem. 
(These || include the 5 tisted above plus 32P, 9°Nb, !32Te, '43pr, !95au, 
and !96Au). The data from which those in Table | have been selected 
provide a clear indication that 3H, 89sr, 905r, 106Ru, and some 16 other 
radionuclides not shown in the table will require further evaluation. 


TABLE |. TYPICAL DOSE CALCULATIONS BASED ON 
THE EIGHT-COMPARTMENT MODEL 


Dose (rem) calculated for 


Radionuclide Time zero to @ 100 days to # 
905, 685 680 
3H 673 663 
132Te 586 ~0 
89sp 316 80 
106Ru 106 88 
127mTe 4.3 x 107! 2.2 x 107! 
151Sm 5.3 x 107 5.3 x 10-3 


At this point it should be strongly emphasized that the onty dose 
estimates in Table | that should be taken seriously are those whose 
sum is less than one. The area considered in obtaining these figures 
is one that would be completely evacuated during the nuclear evacu- 
ation phase of the canal construction program and would not be 
reoccupied until some time after the last detonation. I+ was chosen 
to represent the worst case we could imagine. We feel that this 
approach provides a valid basis for identifying those radionuclides 
which contribute very little to the potential radiation dose, and 
that the actual contribution of a!] these radionuclides can be assigned 
a conservative but relatively insignificant value. The 20 radionuclides 
remaining in the "significant" category at this stage of the study, are 
being re-evaluated by means of more detaifed models which are as 
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realistic aS we can make them on the basis of present information. In 
many cases, this re-evaluation will nave a profound effect on the dose 
estimates. For example, a recent recalculation of the tritium dose 

was based on the best information available on hydrologic redistri- 
bution. The new calculation was made for the same "hottest" watershed 
and used the same conservative dietary input, but the new dose estimate 
for tritium is more than two orders of magnitude less than the value 
given in Table tI. 


!n the first application of the eight-compartment mode!, a 
Laplace transform techni que2? was used to calculate the infinite time 
doses directly. Using a semianalytical method25,26 of solving the 
differential equations, a computer program was designed to calculate 
the concentrations of radionuclides in each compartment as a function 
of time. The results for 90Sr, normalized for a unit fallout input of 

Sr, are shown in Figures 4-9. 


Figure 4 shows the time dependent concentrations in the foliage 
and herbivore (soft tissues) compartments. The curve for plant 
leaves reflects the initial contamination by fallout and the rapid 
exponential rate of loss due to weathering. The rate coefficient 
used in this example corresponds to a weathering half-time of 14 days, 
a value reported frequently in the titerature. 2 A growing body of 
experimental evidence 8 indicates that the rate of loss from leaves 
would be better described by a two- or three-exponent model, but lacking 
the experimental data from which "typical" values of the two or three 
exponents can be calculated, the single-exponent model is retained as 
a useful approximation. The curve for herbivores peaks about 15 days 
after time zero, and then decreases at a rate eventually approximating 
the rate of loss from leaves. This reflects the relatively rapid 
turnover time for 90Sr in soft tissues compared to bone. 


Figure 5 shows the relative concentration in soil water from time 
zero to about 2,400 days. The turnover rate for soil water!9 is consid- 
erably fastern than might be inferred from this graph; the slow depie- 
tion rate for 99Sr is due to the soil's high absorptive capacity for 
strontium.2? To compensate for having used a tow depletion rate to 
maximize 90Sr concentrations in the terrestrial compartments, and to 
maxiflize the estimates of 90Sr transport to man via water and fish, 205r 
concentrations in the surface water compartment were assumed to be the 
same as those in the soil water compartment. If the other parameters 
are correct, this has the same effect as ignoring the ground-water 
contribution to stream flow. 


The results for the fish compartment, Figure 6, were primarily 
determined by an assumed concentration factor of 103 and by the assumed 
time variant concentration of 90Sr in the water. The rapid buitdup in 
the fish compartment is due to the assumption of a fairly rapid turnover 
time. 


Figure 7 shows the calculated 90Sr concentrations in the plant 
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edibles compartment for only the first 80 days after fallout. This 
part of the curve illustrates the relative importance of foliar up- 
take during the first few weeks after fallout. The late-time behavior 
of this curve, not shown in the figure, would be governed by uptake 
from the soil-soilt water compartment. 


The curve for the critical organ (bone) of man is shown in 
Figure 8. Under the conditions prescribed by the eight-compartment 
model, the peak value is reached about 2,500 days after fallout depo- 
sition, a time at which the concentrations in most other compartments 
have declined to levels which are insignificant in comparison to the 
maximum values. The slow decline in this compartment does not 
reflect the fairly rapid decline in most other compartments. Instead, 
it is governed by the long half-life of 90Sr and the slow rate of 
biological elimination from the skeleton. The integral of this curve 
is plotted in Figure 9 to show the cumulative radiation dose to bone, 
the critical organ of man for 90Sr, as a function of time. Although 
still increasing, its value after about 50 years is approximately 
90 percent of the infinite dose. This illustrates the utility of the 
simple 0 + integrals for approximation. 


In this particular example, about half of the 50-year dose was 
due to the fish pathway, about a quarter was due to plants, a little 
tess than a quarter came from terrestrial animals, and a very small 
fraction came from water. The high contribution from fish is partly 
due to assumption that fish are eaten bones and all. In some cases 
this assumption is well borne out by direct observations. 


DISCUSSION 


Before closing, we should again emphasize that the eight- 
compartment modet and the results presented above are provisional. 
They are presented here only to illustrate the methods being used to 
develop ecological models of radionuclide transport. The parameters 
used in this preliminary effort were deliberately chosen to represent 
the worst possible case. There were many reasons for doing this, but 
the major ones were (|) to compensate for uncertainties in the mode} 
parameters and other input data, and (2) to increase the level of con- 
fidence in our identification of radionuclides whose total contribution 
to the potential internal radiation dose is likely to be insignifi- 
cant. Since these results were first reported about seven months 
ago, 29 considerable progress has been made toward increasing the 
adequacy of the model. Additional compartments have been added to 
account for radionuclide transport to man from the marine ecosystem. 
Fallout inputs to the "hottest" watershed have been recalculated on 
the basis of the proposed detonation schedule (22 detonations over a 
period of approximately three years). Instead of using "average" or 
"typical" values for ali the elements involved, we have tried to cal- 
culate realistic parameter values for each element, or at least for each 
of the elements for which we have analytical and/or experimental data 
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of the proper sort. Once the model has been refined to the extent 

made possible by the data available, the !ifetime internal dose esti- 
mates for the hottest watershed will be recalculated to determine how 
soon after the last detonation it wouid be safe for people to reoccupy 
the fallout area. One method of doing this would be to let the fallout 
mode! run continuously from the beginning of the detonation schedule 
and then to introduce man into the modei at various times after the 
last detonation. A graphical method of solving the reoccupancy problem 
may be even more convenient. This would involve the computation of 
cumulative dose curves, such as shown in Figure 9, for each radionuclide. 
The effect of delayed reoccupancy could then be evaluated directly 

from these graphs. 


Present plans for the canal excavation project call for the 
establishment of an exclusion area, i.e., an area to which local 
fallout could be confined and from which people would be excluded 
until some time after completion of the nuclear excavation. The 
boundaries of the exclusion area are more than ample to enclose the 
0.5 R lifetime external gamma dose contour of the composite fallout 
pattern. When it has been compteted, the ecological mode! will be 
used to estimate the maximum probable internal radiation doses to 
people living outside the exclusion area. Falitout input will be 
calculated as equivatent to deposition along the 0.5 R external dose 
contour, and food intakes wil! be adjusted to reflect variations in 
the diets of different age groups and different cultural groups. 8y 
adjusting the fallout input terms, this version of the model could 
also be used to calculate the radiation doses to which people might 
be exposed if higher levels of fa!lout were accidentally deposited in 
populated regions outside the exclusion area. 


{f the peaceful uses of nuclear explosives for excavation projects 
are shown to be feasible and research activities continue in the area 
of ecology, we should have many opportunities to test and improve 
these modets to a point of reliability at least equa! to the methods 
now available for predicting fallout deposition patterns and external 
radiation doses. Perhaps some golden day in the not too distant 
future we will have at our disposal a vast library of proven parameter 
values to fit almost any combination of radionuclides and ecological 
transport mechanisms. Meanwhile, we hope the preceding discussion has 
indicated some of the procedures that can be used, providing the results 
are judiciously interpreted, until that golden day should arrive. 
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Fig. 3, Eight-Compartment Model Diagram 
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Fig. 4. Hypothetical Concentration of 905 in Plant Leaves and 
Animal Flesh 
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Fig. 5. Hypothetical Concentration of 90S- in Surface Water 
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Fig. 6. Hypothetical Concentration of 90Sr in Fish 
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Fig. 7. Hypothetical Concentration of Sr in Plant Edibles 
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QUESTIONS FOR WILLIAM E. MARTIN 


From Dr. Pendleton: 


Cesium-137 has been shown to increase by a factor of about three 
between trophic levels. Do your evaluations include this factor 
for dose estimation for men? 


ANSWER: 


To answer that truthfully, | have to look at the 200 values that go 
into the equations. This does happen in many of the food chains as 
a result of the differences of intake and elimination coefficients, 
so that there are cases where these concentrate in the food chain 
and other cases where they do not. 


Moderator: To briefly summarize for the record what Dr. Pendleton 
just said, he feels that it is important to consider such factors 

and for example if you do have an increase of a factor of three for 
each trophic level and you are talking about as many as three trophic 
levels, then your final estimate could be low by a factor of ten if 
these factors are not taken into consideration. 


ANSWER: 


| agree with Dr. Pendleton 100%. But making precise measurements in 
some cases we feel that even if we checked our equations, we do get 
these buitdups, but then when we look at the speciffe activity con- 
cept, In other words the idea that the transfers of the stable ele- 
ment and the radionuclide will be the same ratio, we come to the 
conclusion that we have created radioactivity somewhere in the pro- 
cess and we wind up with no radioactivity in the biosphere when it's 
produced by an explosion. | have not been able to explain this re- 
sult. 


From Dr. Pendleton: 


Radionuclides on the soil surface may be transferred to foliage by 
rain splash or dust. Have secondary transfers of this kind been 
studied? 


ANSWER: 


No. In fact in the model we're using, runoff is somewhat unrealistic 
in that the nature of runoff is not surface runoff, but overflow in a 
very shallow hole in the soil near the surface. So we are assuming 
that that layer is a mixed type which, of course, it is not. In any 
case, we have made no effort to include the splash back from soil to 
foliage. 
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From M. Chessin: 


To what extent are national or international radiological safety ser- 
vices or commissions Involved In radiation hazards evaiuations of the 
nuclear sea level canal projects? 


ANSWER: 


| don't know the answer to that. We are given to make dose estimates 
as realistically or as critically as we can, so that they can be com- 
pared to any criteria or standard that is adopted. We have ourselves 
nothing to do with the establishment of these standards. 


From M. E. Wrenn: 


Milk In Jamaica and some areas In Florida currently contain concentra- 
tions 10 to 100 times more ceslum-137 than we would predict using 
transfer coefficients characteristic of more temperate latitudes. 
Other areas of the world have been Identified where cesium-!37 in 
mllk Is In the similar excess of expected values. These include 

New Zealand, Australla and more recently Chile. Do your transter 
coefficlents for ceslum-137 reflect these anomalously high values 

or the more usual estimates? 


ANSWER: 
! heard about these results and | find them intriguing. 1 don't know 
why thls should occur. | don't know their +ransfer coefficients from 


ceslum-137. This is one of the radionuclides that drops out of con- 
sideration on other bases. 
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THE EFFECTS OF THE MARINE BIOSPHERE AND HYDROSPHERE UPON THE 
SPECIFIC ACTIVITY OF CONTAMINANT RADIONUCLIDES 


F. G. Lowman 
Puerto Rico Nuclear Center 
Mayaguez, Puerto Rico 


ABSTRACT 


Fuston and fission products as well as neutron- 
induced radionuclides will be produced by the use of nuclear 
explosives for excavation. Stable elements from the geologi- 
cal matrix which are vaporized at the time of detonation will 
be vented in the same form as the radionuclides and will 
dilute the radionuclides to different spectfie activities 
depending upon the yield and design of the explosive, the 
neutron flux, neutron cross-sections for the stable ele- 
mente and the homogeneity of the rock. Radionuclides in 
the cloud and fallout may be further diluted by pulverized 
rock on which they plate although the chemical forms may or 
may not be the same. This fallout material may be deposited 
tnto the sea and will react with sea water and its contained 
salts to precipitate or co-precipitate some radionuclides 
and release others as colloids or solutes where they will 
be subject to further dilution by the stable elements in sea 
water, The radionuclides will be subjected to varying anounts 
of phystcal and chemical dilution according to the physical 
environmental parameters. In some estuarine and upwelling 
areas of high biological productivity, the radionuclides and 
corresponding stable elements may become incorporated into 
cycles involving the biosphere, hydrosphere and bottom 
sediments in which the added material will remain in the area 
for longer periods of time than that expected from physical 
mixing and dilution. 


Cr 


Health physicists have traditionally and effectively defined 


hazards resulting from the ingestion of radionuclides in water on the 
basis of maximum permissible concentrations (MPC) of the contaminants 
in drinking water. Radioecologists have occasionally tried to apply 
MPC values for water directly to problems provided by contaminated 
food organisms, usually with unsatisfactory results (Lowman, et al, 
1957). Major errors result from the application of MPC values to 
food because the MPC values for water were calculated for conditions 
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in which no allowance was made for isotope dilution in the environ- 
ment or in food webs leading to man. 


In 1960 another method of assessing hazards in the marine 
environment was proposed by the National Academy of Sciences-National 
Research Council, Committee on Oceanography and Fisheries in their 
1960 summary report. The method was based on the use of the maximum 
permissible specific activity (MPSA)* for radionuclides in critical 
organs and tissues of man. Values of MPSA may be derived from the 
data provided by the International Committee on Radiation Protection 
(ICRP). The method is based on the premise that marine organisms do 
not discriminate between isotopes of most elements** and that the 
specific activities in food items cannot exceed those in the environ- 
ments. This relationship exists because the radionuclides derived 
directly or indirectly from the environment undergo additiona 
Isotope dilution from the corresponding stable elements in the food 
organisms. 


The MPSA approach relates a given radionuclide to the corres- 
ponding stable element and may be used for hazards prediction by 
determining: (1) the distribution of the stable elements in the 
biogeochemical system, (2) physical and isotope dilution rates for 
the radionuclides in the environment and (3) biological half-lives in 
food organisms of man. The approach provides a method for the step- 
by-step evaluation of isotope dilution of an introduced radionuclide as 
it passes through the hydrosphere, geosphere and biosphere to man. The 
method does not require the determination of environmental and bio- 
logical compartments for each radionuclide or detailed transter routes 
and rates in food webs. Values for elemental compartments in both 
the environment and the organisms vary greatly under natural conditions 
and minor errors in the measurement of compartment values may introduce 
serious errors in prediction,*** In most marine areas the total bio- 
mass usually accounts for 1076 or less of the total mass of the 
biogeochemical system actively associated with biological ly-important 
elements. Because of this, the organisms normally exert an insignifi- 
cant influence upon the distribution patterns of added contaminants. 
They may, however, provide transport of radionuclides to man through 
his food. 


* MPSA used in this report refers to the amount of the radionuclide in 
uCi per gram of the corresponding stable element allowed in the critical 
organ of man. The specific activity which is allowed is dependent on 
the annual radiation dose levels recommended by the ICRP for the 
general population in which it is possible to identify the population 
group expected to receive the highest dose. Equal to 1/10 the con- 
tinuous exposure allowed to occupational workers. 


**in the case of the very light elements, organisms usually discriminate 
against the heavier isotopes. 


***¥See next page. 
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A simplified approach to predicting hazards in the marine 
environment may be based on the documented premise that environ- 
mental mechanisms provide the predominant controls for the distri- 
bution and movement of individual radionuclides and that the organ- 
isms reflect the resulting patterns. For most plants and animals the 
patterns are modified by biological turnover times which determine the 
rates at which the organisms approach the specific activity of any given 
radionuclide in the medium in which they live. 


The MPSA approach is subject to errors in those cases where 
dituent stable elements are not in the same chemical or physical 
form as the introduced radionuclides. These errors are also of 
consequence in the use of the MPC method. In the sea the transition 
elements and other elements which tend. to form complexes with organic 
material are mainly involved in this type of error. Thus, the uptake 
of iron by diatoms is enhanced for newly-added iron in comparison with 
"aged" iron (Johnston, 1964). Stabdle zinc is mostly chelated in sea 
water while newly-added zinc is largely ionic for appreciable lengths 
of time (Bernhard, M. - personal communication). Fortunately, the 
errors introduced by differences in physical and chemical form may be 
assessed by polarography, micropore filtration, dialysis, analysis of 
exchange reactions and by extraction methods. 


The specific activity method may be applied to feasibility studies 
for a sea-level isthmian canal in Western Panama or northwestern Colombia 
as follows: 


|. Calculate the specific activity in the ejecta for all 
radionuclides produced in amounts greater than |.0 


miliicurie per megaton of explosive yield. Assume the 
radionuclides to be diluted by the vaporized and melted 
material. Delete from consideration the elements whose 


radionuclides oceur at an initial ratio "specific 


***Transfer coefficients for most stable elements change with the 
total amounts of element available in the environment. This is 
especially true for many of the trace elements. Thus, the uptake 
of iodine in the thyroids of animals is not directly related to 
the amounts of avaitable iodine; "iodine block" may occur with the 
presence of excessive amounts of the element in the environment. 
Under these conditions the accumulation of iodine-131 tracer would 
be reduced in the thyroids. Similar relationships of transfer to 
total amount of available element exist for iron, cobalt, strontium 
(plus calcium) and several other elements. In areas of fallout 
the specific activity of each radionuclide, at the time of depo- 
sition, may be expected to be fairly constant but the amounts of 
deposited radionuctides and corresponding stable element will both 
vary greatly according to the fallout pattern. The transfer co- 
efficient for a given radionuclide from the environment to primary 
producers (or to higher trophic tevels) may thus, also vary 
significantly according to fallout pattern. 
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activity"/"maxImum permissible specific activity" 
(SA/MPSA) of less than 1.0. 


2. For the radionuclides ejected with SA/MPSA ratios 
greater than one, determine the distribution patterns 
of the corresponding stable elements in the waters, 
sediments and organisms of the marine areas near the 
proposed routes. 


3. Measure and calculate physical dilution rates, sus- 
pended sediment contents, sediment adsorption rates and 
sedimentation rates in the marine areas of interest. 
Use these data to calculate physical and isotope di lu- 
tion and sedimentation of added radionuclides. 


4. Assemble data on turnover rates in food organisms of 
marine orlgin. Calculate biological delay in transfer 
of radionuclides through food to man. 


5. If estimates of daily intake of radionuclides are 
desired for use in MPC considerations of foods from 
other sources, calculate the concentration of each 
radionuclide per unit weight of food by multiplying 
the specific activity of the radionuclide (uCi/g) by the 
weight of the corresponding stable element in the unit 
weight of food. Use data for human feeding habits to 
determine total daily intake. 


These calculations have been done and are presented elsewhere. 
(Ting, R. Y. 1969). The present discussion is concerned with the 
environmental and biological factors which influence and alter the 
specific activities of the radionuclides ejected from the excavations. 


The specific activities of the material ejected from the nuclear 
excavations are directly dependent upon the design and efficiency of 
the explosives. Any reduction in the production of radionuclides will 
result in proportionate decreases in the specific activities of these 
nuclides in the ejecta. The estimates of radionuclide production used 
in this paper are based on the "Planning Information Statement" of the 
USAEC (Warner, 1957) and the report of Ng (1965) on neutron activation 
of the terrestrial environment from underground explosions. Warner 
provided data for the amounts of three radionuclides of geological 
origin, sodium-24, phosphorus-32 and calcium-45, in the cloud and fall- 
out. The amounts of phosphorus-32 and calcium-45 were 3 x 107? the pro- 
duction values reported by Ng for the same nuclides. The latter 
values were for total activation and were not corrected for neutron 
shielding, scavenging during venting or special emplacement techniques. 
The ratio, 3 x 10-9, was used in the present work to estimate, from 
Ng, the amounts of the other radionuclides in the cloud and fallout 
which would be produced from activation of the geological matrix. 
Estimates for production of vaporized and melted rock are based on 


439 


the reports of Boardman, Rabb and McArthur (1964); Johnson, Higgins 
and Violet (1959); and Nordyke and Williamson (1965). 


The ratio Specific Activity/Maximum Permissible Specific 
Activity for Individuat radionuclides in the fallout and cloud may be 
used to determine which of the nuclides provide potential hazards to man, 
SA/MPSA values greater than | for radionuclides produced by a | Mt shot 
in granite are shown in Table |, Column 3. The changes in specific 
activity of the ejecta with size of detonation are shown in Figure |}, 


From a total of 72 radionuclides produced in amounts greater than 
t millicurte per megaton of explosive yleld, 23 would be ejected in 
the fallout and cloud at specific activities greater than those al lowed 
In man. These include tritium, sodium-24, phosphorus~32, calclum-45 
calclum-47, scandlum-47, scandium-48, manganese-54, manganese-56, arsenic- 
76, bromine-82, rubidium-86, strontium-89, molybdenum-99, cadmium-115, 
lodine-131, technetium-132, barium-140, wolfram-!85, wolfram-187, gold- 
198, and lead-203. Three mechanisms tend to reduce the specific activ- 
itles of the radionuclides In marine waters; physical radioactive decay, 
isotope dilution by the corresponding stable element in sea-water and 
co-precipitation into or adsorption onto the bottom sediments. Although 
manganese-56 would initially occur in the cloud and fallout at a 
specl fic activity 345,000 times that allowed in the GI tract of man, 
its short physical half-life of 2.57 hours could cause it to decay to 
the specific activity allowed in man in 2 days. Scandium-47 would also 
decay to MPSA in 2 days, gold-198 in 3.3 days, cadmium-115 in 4 days, 
bromine-82 in 4.9 days, arsenic-76 in 7 days, wolfram-187 in 8.4 days, 
rubidium-86 in 9 days and scandium-48 in 9.7 days. Radionuclides which 
would decay to MPSA in 10 to 30 days include sodium-24 and tellurium- 
132 (13 days), moltybdenum-99 (16 days), calcium-47 (23 days) and 
lead-203 (28 days). Eight of the 72 radionuclides would require || 
weeks or longer to decay to the specific activities allowed in man, if 
they were not diluted with the corresponding stable elements in the 
environment. These include barium-!40 (77 days), iodine-131 (126 days), 
strontium-89 (165 days), wolfram-185 (167 days), phosphorus~32 (196 
days), calcium-45 (620 days), manganese-54 (754 days) and tritium 
(97,000 days). 


Considerable physical and isotope dilution occurs in the sea. 
Tritium, In fallout from underground nuctear detonations, would occur 
mainly as tritiated water and would be diluted by normal water in marine 
areas of turbulence. The water content of most marine organisms is 
less than 0.9 grams/gram of living material, however, hydrogen from 
water also may be incorporated into carbohydrates, lipids and proteins 
by marine plants, including phytoplankton. Even here the hydrogen con- 
tent of the organisms seldom exceeds that in an equal amount of sea water 
so that the organisms normally concentrate hydrogen at factors of one or 
less. Calcium-45, strontium-90 and wolfram-185 from nuclear excavations 
would also not be concentrated significantly by marine organisms over 
the amounts in the water. In contrast, the other radionuclides 
added to the sea at specific activities greater than those allowed in 
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man, and for which I! weeks or more would be required to decay to 

MPSA, are accumulated by marine organisms to levels many times those in 
sea water. Thus, phytoplankton are able to concentrate phosphorus, 
34,000; iodine, 5,000; barium, 17,000; lead, 40,000; and manganese, 
4,000 times the levels in a corresponding weight of sea water. If 

the corresponding radionuclides of these elements deposited in fall- 
out were not diluted in the environment and in food organisms eaten 

by man, potentially hazardous amounts of the radionuclides could be 
ingested by some individuals. 
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The ratios SA/MPSA shown in Figure | change with size of 
detonation. This ratio for the thermonuclear reaction product, tritium, 
differs from the other radionuclides by increasing with size of deto- 
nation. The fission products decrease in ratio, SA/MPSA, by factors 
of about 25 with increase in energy yield of the explosive from 100 kt 
to 10 Mt. The same ratio for radionuclides from activated rock 
decrease by factors of about 5 through the increased yield range. 
Neutron-activated components of the device also decrease in SA/MPSA 
ratio with larger detonations, but do not follow consistent patterns. 
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Most of the calculations for environmental dilution of radio~ 
nuclides in the present work are based on a | Mt detonation. Con- 
siderations of other size shots require corrections for total amount 
of radionuclide and the degree of initial isotope dilution. Shown in 
Figure 2 are the amounts of stable elements required to dilute the 
potentially hazardous radionuclides tritium, phosphorus-32, calcium- 

45, manganese-54, strontium-89, iodine-13!, barium-140 and wo! fram~ 

185 to maximum permissible specific activities after deposition of 
fallout from devices ranging from 200 kt to 10 Mt explosive yield. 
Tritium from a 10 Mt detonation would require 50 times as much environ- 
mental dilution as from a 200 kt yield. This results from the produc- 
tion of 50 times as much tritium in the large explosive with essentially 
no isotope dilution from the vaporized rock, jodine-13! and barium-140 
would also be subject to insignificant isotope dilution by the ejecta 
although the production of these, and other fission products would not 
change with explosive size. As a result, iodine-131 and barium-140 would 
require the same amount of isotope dilution in a 200 kt and a 10 Mt 
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oy detonation. In contrast, strontium-89 and wolfram-|85, both derived 
= 0 -U from the device, would undergo appreciable isotope dilution before 
& > ejection and would require decreasing amounts of environmental dilution 
a) by stable strontium and tungsten with increased size of detonation. 
a” Phosphorus-32, calcium-45 and manganese-54 would be produced mainly 
26 4 by neutron activation of the geological matrix in increasing amounts 
iS by e a z with increased explosive yield. Because vaporization of rock would 
ir a 2 not increase as rapidly, about twice as imuch environmental dilution 
ee ee Ser eee Io a7 3a by stable phosphorus, calcium, and manganese would be required for a 
ef har 5% 10 Mt as for a 200 kt detonation. Because only these eight radio- 
be =? ds nuclides would require further dilution after ejection from the exca- 
a ee od vation, corrections for explosive yield may be calculated relatively 
4 am me easily from the curves shown in Figure 2. 
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Figure |. Ratio of specific activity to maximum permissible 
specific activity for radionuclides ejected from excavations 
at specific activities greater than those allowed in man. 

Based on the assumption that the radionuclides are mixed with 


vaporized rock. 
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Figure 2. Grams of stable element required to dilute radionuclides 
in the fallout and cloud to MPSA for 200 kt to 10 Mt detonations in 
granite. For radionuclides requiring more than || weeks to decay 
to MPSA with no environmental dilution. 
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The interactions of tritium, phosphorus~32, calcium-45, manganese- 
54, strontium-89, fodine-!3t, barium-140 and wolfram-185 with the 
marine waters and their dissolved salts, colloids, particles and organ- 
isms are strongly dependent upon the area of introduction. Marine 
estuarine and open-sea regions are present on both fhe Atlantic and 
Pacific sides of the proposed cana! sites In the Darien region of 
eastern Panama and the northwest corner of Colombia. In addition, a 
large semi-enciosed body, the Gulf of Panama, with seasonal upwelling, 
a year-round counter clockwise surface current and rich fisheries for 
shrimp and fish meat connects with the western terminus of Route I7, 
through the estuarine Guif of San Miguel. 


The surface circulation of the Atlantic and Pacific oceans in 
the vicinity of Panama and Colombia are subject to seasonal fluctuations 
(Figures 3 and 4). From January to April, the Doldrums move to the south 
and the dry northeast trade winds prevail in the Isthmian region. The 
dry season is a period of strong water currents in both the Pacific 
and Caribbean areas and marked upwelling of nutrient-rich deep water in 
the Gulf of Panama around the Pear! Islands. In late April or May the 
wind system moves northward and the Gulf of Panama is then inf!uenced 
by the Dotdrums and rain-bearing southwest winds. Upwelling ceases in 
the Gulf of Panama, the surface currents weaken, and the rainfall 
increases by a factor of 6 to 7 (Smayda, 1966). The total annuai 
volume of fresh water entering the Gulf is 9.2 x 10!0 m3, an amount 
equal to 2.5 percent of the total volume of the Gulf or enough water 
to form a fresh-water layer 3.2 meters thick over the entire water 
surface. The greatest annua! precipitation occurs over the San Miguel 
drainage basin, the site of Route |7. The net sea water flow in the 
Gulf of San Miguel results from river runoff although the Gulfs of 
Panama and San Migue! are subject to diurnal tides which range from 
4 to 6 meters in height. These tides cause strong tidal currents, 
especially in the Gulf of San Miguel which resuspend and redistribute 
bottom sediments twice each day. In contrast, the maximum tidal 
excursion on the Caribbean coast is less than 0.76 m and this area 
receives only smalt amounts of runoff from Panama; however, the Gulf of 
Uraba receives large amounts of silt-laden water from the Atrato River 
in Colombia. 


In summary, the Gulf of San Miguel, the near-shore areas of the 
Gulf of Panama and the Gulf of Uraba exhibit many characteristics typical 
of estuaries. The Pacific coast of Colombia and the Caribbean coast of 
Panama are "oceanic" environments. The Gulf of Panama is unique with 
its characteristic dry-season upwelling-water, which moves to the north 
of the Gulf before surfacing. 


Estuarine areas differ from the open sea in several features 
which alter the relative influence of the water, organisms and bottom 
sediments upon radionuclide distribution. in the sea only limited 
sedimentation occurs. In contrast, relatively high rates of sedimen- 
tation are common in estuaries as a result of direct settling of 
suspended sediments, chemical precipitation, co-precipitation and 
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sorption of fresh-water colloids to particles. These physicochemical 
reactions result mainly from the electrolytes of sea water interacting 
with the material introduced by rivers. Most of the sedimentary 
products are deposited on the bottom. 


One of the estuarine areas which could receive significant 
amounts of high specific activity tritium, phosphorus-32, caicium-45, 
manganese-54, strontium-89, iodine-131, barium-140, and wolfram-|85 is 
the Gulf of San Miguel. The distribution patterns and transport of 
these radionuclides would be determined mainly by their chemicat 
characteristics which govern their interactions with the suspended 
sediments, the accompanying stable-element fallout and the bottom 
sediments. The radionuclides may be divided into two groups: (1) trit- 
ium, calcium-45, strontium-89 and jiodine-13l would undergo little or no 
interaction with the dissolved, suspended and bottom material and would 
be subject mainly to physical dilution; and (2) phosphorus-32, mangan- 
ese-54, barium-140 and wolfram-185 would be strongly sedimented by 
physicochemical mechanisms. 


Tritiated water in fallout would rapidly mix with the water In 
the Gulf of San Migue! as a result of turbulence from tidal currents. 
If the worst possible case deposited 50 percent of the fallout tritium 
and other radionuclides into the Gulf, about 6 x 10? m> of water would 
be required to dilute the tritium to MPSA. The Gulf of San Miguel 
contains about 4 times this amount of water. The worst possible case 
assumes maximum venting of tritium from the excavation with all! of the 
tritium as water and equal deposition of tritium and the other radio- 
nuclides in the area of fallout. Under actual conditions the depo- 
sition of tritium probably would be lower than that for the other radio- 
nuclides and its specific activity would decrease rapidly to levels 
below that allowed in man. 


Other radionuclides which would be diluted to MPSA by the stable ele- 
ments in solution in water of the Gulf of San Miguel! are calcium-45, 
strontium-89, and wolfram-185. Thus, of the eight potentially hazardous 
radionuclides on!y phosphorus-32, manganese-54, iodine-13| and barium-1|40 
would require additional isotope dilution (Table }!). 


The radionuclides phosphorus-32, manganese-54 and barium-140 
would be subject to rapid sedimentation in the Gulf of San Miguel. This 
estuarine area is fed by runoff from large watersheds drained by 
severa! rivers including the Tuira, Chucunaque, Sabana, Marea, Tucuti 
and Congo. During the wet season the watersheds receive large amounts 
of rainfall which remove organic and inorganic materials into the 
estuary, usually by channel erosion. The flooding rivers, entering 
the estuary, are unable to maintain their current velocities, except 
during ebb tides, and as a result drop much of their suspended sediments 
which sink at rates dependent on the mass and size of the particles. 
Upon mixing of the river water with the saline water of the estuaries 
the dissolved and colloidal iron, manganese, aluminum, titanium, zircon- 
ium, scandium and silica precipitate into hydrous gels because of the 
increased pH and electrolyte content of the water. Under these 
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conditions colloidal clay particles also coacervate. Simultaneously, 

with the precipitation of the colloids, magnesium and calcium from the 
sea water provide limited exchange for some of the cations adsorbed to 
the suspended river sediments. Not all! cations, however, are released 
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Figure 3. Surface circulation during the wet 
season in ocean waters off Panama. 
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Figure 4. Surface circulation during the dry 
season in ocean waters off Panama. 
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by. ion exchange. Zinc, cobalt, copper and ruthenium often are che- 
lated to sediment particles in forms that cannot be desorbed by 
alkali or alkaline earth metals (Jones, 1960; Johnson, Cutshal | 

and Osterberg, 1967). 


Hydrated oxides of iron, manganese and aluminum may be termed 
"scavengers" because of their ability to remove jons from solution 
(Goldberg, 1954). The scavenging action of these gels is due largely 
to surface adsorption of ions with charges of opposite sign from that 
of the scavenger. The charge on ferric hydroxide gel in sea water is 
electropositive*--on hydrated oxides-of manganese it is negative. Iron 
hydroxide, accordingly, should co-precipitate negatively charged ions 
and manganese oxides, positively charged ions. Under natural con- 
ditions, ferric hydroxide in sea water is found to concentrate multi- 
valent ions of both charges. Muds, some organic particles and colloidal 
materials found in waters contaminated with radioactive fallout usually 
have positive surface charges and also are capable of adsorbing nega- 
tively charged ions (Amphtett, 1961; Rubentschik et al, 1936). 


Phosphorus-32, manganese-54 and barium-!40, added to estuarine 
regions, are rapidly co-precipitated and adsorbed to the surfaces of 
suspended and bottom sediments.** Approximately 90 percent of carrier- 
free barium may be removed from solution by ferric hydroxide and under 
natural conditions, where the precipitates may be formed slowly, more 
than 90 percent of the manganese may be incorporated into the precipi- 
tate. 


Phosphorus-32 is rapidly adsorbed onto suspended organic and 
inorganic detritus and to bottom sediments. Pomeroy, Odum, Johannes 
and Ruffman (1967) observed that phosphorus~-32, introduced into 
estuarine regions, was adsorbed quickly and locally near the sites of 
introduction and was not transported appreciably by water during short 


* According to Amphlett (1961) ferric hydroxide floc, when formed 
under alkaline conditions in fresh water, is negatively charged. 


**Another radionuclide, lead-203, would be potentially hazardous the 
first week or two after fallout. Iron hydroxide and aluminum hy- 
droxide effectively co-precipitate lead from alkaline sofution 
(Gibson, 1961) and El Wakeel and Riley (1961) suggested that most 
of the lead sedimented from sea water is adsorbed onto ferro- 
manganese minerals. According to Chow and Patterson (1962) about 
99 percent of the particulate tead entering the oceans is sedimented 
from the sea water in shallow near shore regions. Krauskopf (1956) 
showed experimentally that lead was efficiently co-precipitated from 
sea water by ferric hydroxide and that it was also sedimented by 
adsorption onto clay minerals and organic detritus. This is in 
agreement with the observation that phytoplankton are able to con- 
centrate lead by factors of 40,000 over the amounts in water. Reveille 
et al, (1955) suggested that hydrous manganese dioxide can co- 
precipitate lead from sea water. 
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periods of time. The radionuclide reached equilibrium between the water 
and sediments within 24 hours. In addition to being adsorbed to sedi- 
ments phosphorus is almost quantitatively co-precipitated with ferric 
hydroxide gel. Sedimented phosphorus-32 does not remain permanently 
associated with the sediments. Pomeroy, Smith and Grant (1965) reported 
that the exchange of phosphate between the water and the sediment was 
controlled by two mechanisms: one an inorganic sorption reaction and 
the other controlled by biological exchange, probably between adsorbed 
micro-organisms and the water. In surface fractions of sediments 
poisoned by formalin, the rate of inorganic exchange of phosphorus was 
only 1/2 to 2/3 the rate of the inorganic plus biological exchange for 
sediments containing {iving micro-organisms. |f bacteria compete on 

a like basis for other biologically important elements then they must 
exert a profound effect upon these trace elements in sediments. 


lodine-I31 is not co-precipitated efficiently by hydrous oxide 
gels. Horma and Greendale (1959) tested co-precipitation of iodine-13) 
by ferric hydroxide but could only carry down 13 percent of the element. 
lodine-131 was found by Gemmel (1952) to be 88 percent removed by 
bacterial and algal sewage sludge, and to subject to rapid turnover by 
the bacteria. 


The co-precipitation of iodine by hydrated oxides of iron, mangan- 
ese and aluminum would not be sufficient to reduce the specific 
activity to that allowed in man. Similarty, stable iodine in the water 
of the Gulf of San Miguel would supply only about 1/2 the amount 
required to reduce the specific activity to that allowed in man. 
Although jodine-131 would equilibrate rapidly with the stable iodine 
in the sediments, the mechanism would be of little practical value since 
it would be necessary for the radionuclide to equilibrate with the iodine 
in the sediments about 20 cm thick. A nine-day exclusion period 
would allow the radionuclide to decay to MPSA, however, after mixing 
with the stable iodine in the water. Although phosphorus, manganese, 
barium and lead would be almost quantitatively precipitated and sedi- 
mented to the bottom, only manganese-54 and barium-140 would be diluted 
to MPSA by the top centimeter of sediment shortly after time of fallout. 
Phosphorus-32 and lead-203 would require mixing with || and 60 cm depth 
of sediment to reach MPSA immediately after fallout. At 30 days after 
detonation phosphorus-32 would require mixing with about 3 cm of sedi- 
ment and manganese-54 with 0.01 cm. All other radionuclides would have 
been reduced to specific activities lower than those allowed in man 
(Table |). 


All of the above calculations are based on a | Mt detonation in 
granite. In some instances a total yield larger than | Mt may be 
detonated at one time. [If a total of 5, | Mt detonations were fired 
simultaneously and 1/2 of the total ‘fallout was deposited in the Gulf 
of San Miguel, isotope dilution by the water would not be adequate to 
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reduce the specific activities of tritlum, phosphorus-32, manganese-54 
or barium-140 to MPSA at 30 days post-shot. If tritiated water were 
deposited In the fallout at the same efficiency as the other fatiout 
material the specific activity of tritium in the Gulf of San Miguel! 30 
days post-shot would be about 2-1/2 times that allowed In man. As 
stated before, the deposition of tritium In the Immediate fallout may 
be expected to be lower than that for other radionuclides and the 
specific activity In the marine waters would be lower than indicated 
above. Phosphorus-32, from the 5 detonatlons, would require mixing 
wlth only 13 cm of bottom sediment to be diluted to MPSA. Manganese- 
54 and barlum-140 would be diluted to acceptable values by 0.95 and 0.15 
cm of bottom sediments respectively. It thus appears that with the 
possible exception of tritium the radionucildes from the simultaneous 
flring of 5 | Mt explosives would not provide significant hazards to 
humans In the Gulf of San Miguel after 30 days following detonation. 


Probably one of the most critical marine areas for fallout at 
least in regards to fisheries--Is the Gulf of Panama. Sedimentary 
processes would also operate In this region because of (1) the twice 
dally resuspension of the near-shore bottom sediments by tidal currents; 
(2) the finely-divided precipitates of iron, aluminum, manganese, 
silica, titanium and zirconlum suppfied by rivers; (3) the particu- 
late organic detritus which, at times may equa! the amounts of suspended 
sediments and (4) the stable fallout elements. In addition to sedi- 
mentation, wind driven surface currents and the upwelling of deep 
currents In the northern pert of the Guif during the dry season, would 
result In significant dilution and transport of water out of the Gulf 
into the open ocean. Dilution and transport from the Gulf of Panama 
would afso occur during the wet season but would not be as pronounced as 
during the dry season. 


The Gulf of Panama is approximately circular in shape and has 
an area of 28,850 Km2, the maximum dimensions being 175 Km in a north- 
coth direction and 245 Km In an east-west direction. The waters are 
relatively shallow with 91.4 percent of the Gulf being tess than 200 
meters ore The total volume of the Gulf of Panama is about 2.1! x 
1olé me. 


Figures 4 and 5A show the main features of the Gulf of Panama 
during the dry season. The Cofombia Current flows north along the 
Pacific Coast of Colombia at velocities of 30 to 40 cm per second 
and divided into two parts In the area of the Pearl Islands with the 
major portion flowing west across the mouth of the Gulf of Panama and 
and a smaller portion flowing counterclockwise north of the Islands. 
As the current exits from the Gulf of Panama it joins the current coming 
across the entrance and flows southwest into the Pacific Ocean. This 
current pattern appears to influence the distribution patterns of 
those stable elements which rapidly precipitate upon addition to sea 
water from river outflows. Just south of, and in the entrance to, 
the Gulf of San Miguel, enhanced amounts of iron, scandium and 
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manganese occur in the bottom sediments (Figure 5C) and for all of these 
elements, larger fractions of the tota! amounts may be extracted from 
the sediments toward the center of the Gulf of Panama (Figure 5D). 

These extractable fractions probably represent, mainly, iron, scandium 
and manganese precipitated from river additives. Fallout, co- 
precipitated by the hydrous oxide precipitates would also tend to be 
concentrated in the sediments of the same area. 


The upwelling that occurs in the Gulf of Panama during the dry 
season contributes significantly to the circulation in that body of 
water. The deep water currents which upwell in the northern part 
of the Gulf are shown in Figure 5A and the area affected by upwelling 
is shown in the surface-density diagram (Figure 5B). The increased 
densities indicate the areas of upwelling. 


The volume flow, per second, of the currents in the Gulf of 
Panama, may be calculated by multiplying the cross-sectlonal area of 
the current by its average velocity at right angles to the cross- 
section plane. The results of these catculations are as follows: 


Width in Depth in Average Volume of 

Current Meters Meters Vetocity Flow 
m/sec m>/sec 

Colombia 
Current 1.6 x 10° 50 0.175 1.4 x 106 
Entering Gulf 
of Panama 4.0 x 104 20 0.125 1.0 x 109 
Leaving Gulf 
of Panama 5.0 x 104 20 0.175 1.7 x 10? 


Oniy about 7 percent of the water in the Colombia Current flows 
into the Gulf of Panama and an excess 7 x 104 m3/sec of water flows 
out of the Gulf of Panama in excess of that flowing into it. The 
source of this water is to be found in the upwelling’ reported by 
Smayda (1966), Forsbergh (1963) and Schaefer et al, (1958). The 
area of upwelling (Figure 5B) comprises about 1/78 of the surface 
area of the Gulf of Panama and woutd result from an average upward 
flow of deep nutrient-rich water of about |.7 m/day. In the area of 
upwelling the added water equals about 70 percent of the volume added 
through surface flow of the Colombia Current. 


Because the surface and deep currents do not travel in the same 
direction a shear zone exits at their boundaries. <A model of physical 
(and isotope) dilution may be made using simplified assumptions as 
fo} lows: 


1. All significant mixing takes place in the upper mixed layer. 
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2. Vertical mixing in the mixed layer occurs in less than 
24 hours. 


3. Vertical mixing through the thermocline is slow and 
for the purposes of the calculations may be considered 
negligible. 


4, The vertical distribution of current velocity ranges 
from zero at the upper edge of the thermocline to a 
maximum at the surface. Analogue and digita! models 
of mixing were developed and were applied to specified 
conditions of fallout in the Gulf of Panama. 


In addition to physical mixing, corrections were made for 
biological delay of radionuclides moving through food chains to man. 
A mathematica! model was developed in which it was assumed that an 
initial specific activity of zero in an organism for any radionuclide 
will come to equilibrium with the environment after a given period 
of time, dependent upon the biological half-life and the increase of 
activity in the food. Neglecting isotope effects, the specific 
activity in the organism can never exceed the specific activity in 
the environment. The calculation of the delay which a particular 
organism experiences in coming to a maximum specific activity is thus 
a calculation of the rate at which the organism achieves equi librium 
with its environment. Plankton were assumed to equilibrate with sea 
water in fess than 24 hours. Thus, the plankton and sea water were 
considered as one unit in all calculations. The Gulf of Panama was 
divided into four areas based upon commercial fisheries. Area "A" 
is shown in Figure 6. 


The worst possible case for the deposition of fallout from a 
one Mt detonation in the Gulf of Panama would occur if the entire 
fallout pattern were deposited in the confines of the Gulf. This 
would also constitute the worst possible case for the Gulf of San 
Miguel. The results of the calculations for iodine-I31 in the area of 
heaviest fallout in the Gulf of Panama are shown in Figure 6. Although 
the specific activity of the radionuclide in the water exceeded MPSA for 
man, the specific activities in the molluscs, crustaceans and fish 
remained below MPSA because of biological delay. Similar calculations 
for tritium showed that the specific activity in the water or food 
organisms of man would not exceed MPSA. 


!f the specific activities in food organisms are calculated as 
shown above, and the amount of stable element per unit live-weight of 
organisms is derived from analyses of organisms collected in the area 
of interest, the amounts of the radionuclide in pCi per unit live- 
weight may be calculated. Thus the. results of the analyses and cai- 
culations may be apptied in cases where the concentrations of radio- 
nuclides have been calculated on a maximum permissible concentration 
basis for foods from a wide variety of sources or in cases where the 
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limitations on food utilization are based on the maximum permissible 
specific actlvities allowed in the critical organs of man. 
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SPECIFIC ACTIVITY 


Figure 6. The calculated specific activities of water (A and B) and 
moltuscs, crustaceans and fish (C) in an area of the Gulf of Panama 
receiving the heaviest concentration of fallout from a one Mt 
detonation. 


MPSA 


A ' 0 wo 1000 10,000 


A Physical dilution 
B Physical dilution plus radioactive decoy 


C Specific cctivity in mollusc and crustacean soft parts, 
and fish muscle 
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QUESTIONS FOR FRANK G. LOWMAN 


From Walt Kozlowski: 


Your study of the Panama Zone seems impressive indeed. In view of 
all you know, do you consider a nuclear generated panama sea-level 
canal feasible from a safety viewpoint to man? - to marine environ- 
ment? 


ANSWER: 


The Panama Cana! Commission should answer this, but | guess | could 
give my personal opinion. With proper controls, | think that the 
radioactive contamination problem would not keep the canal from belng 
bul lt. There is to be control over fisheries and control over move- 
ment of people, but as far as radioactivity, ! don't thInk there is 
a problem there. 


From M. E. Wrenn: 


Your estimate for production of iron-55 relative to manganese-54 
appeared low to me when compared for example with amounts detected 
from the weapons tests in 1962. Are your estimates of Iron-55 
production realistic and what is the basis of the estimate? 


ANSWER: 


The basis for these estimates is the Warner Report, the guideline 
given to us by the AEC. I don't know if | want to comment on that. 

| work with the numbers that are given me. This Is ali | can do in 
thts case. 1! think that they are close enough that the errors that 
would occur would not greatly change the results that we came up with. 


From J. Cohen: 
How would you compare your MPSA approach with that of Fleming's MER? 
ANSWER: 


| think this approach is similar to one Or. Fleming had before and 

our numbers came out pretty close, although we don't agree at all 

on the basis for arriving at our numbers. I have to look at this 

one more closely before | can see how they do - whether they do agree 
or not. If | may | would like to make a short statement on this 
cesium thing. We studied cesium in the soil at the Entewetok test 
site where there are large amounts of rain and many tropical areas. 
Anyway in that area, the cesium was taken up very highly compared to 
strontium-90 and the reason was that there is a very short potassium 
shortage in the soi! and some of the plants couldn't get enough 
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otasslum and so they were taking up cesium Instead. One way to prove 
that there was a potassium shortage was to take a bottle of potassium 
chloride solution and a palnt brush and patnt stripes on the leaves 
of the plants as we went by and three days later there was a very 
bright green stripe where we painted the potassium on. There Is a 
definite potassium shortage In some tropical areas. 
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AEC CONTROLLED AREA SAFETY PROGRAM 


Donald W. Hendricks 
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Las Vegas, Nevada 


ABSTRACT 


The detonation of underground nuclear explosives and 
the subsequent data recovery efforts require a comprehensive 
pre- and post-detonation safety progran for workere within 
the controlled area. 


The general personnel monitoring and environmental 
survetllanoes program at the Nevada Test Site are presented. 
Some of the more unusual health -physios aspects involved in 
the operation of thte program are also discussed. 


The application of experience gained at the Nevada Test Site 
ie illuetrated by description of the on-site operational and 
safety programs established for Project Gasbuggy. 
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The general theme of this symposium ts directed toward the public 
health aspects of the Plowshare program where public Is in the context 
of non-program related residents |iving outside the test or project 
area, The health and safety of the workers within the on-site or 
controlled area are of equal concern to the Atomic Energy Commission. 


For a better understanding of the operations at the Nevada Test 
Site (NTS), some knowledge of the site Is necessary. 


The first slide (Figure t} shows the NTS and the general area 
around the NTS. The Nellis Air Force Range is closed to the pubilc 
and therefore provides to some extent a buffer zone between test 
activities and the general public. 


The next slide (Figure 2) shows the NTS proper. The site Is 
located In Nye County about 65 miles northwest of Las Vegas. The main 
entrance to the site Is at Mercury whlch contalns the base camp with 
offices, laboratories, warehouses, living quarters, and recreational 
facilities for the workers who live there. 
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To the north of Mercury are the Frenchman and Yucca Flat areas. 
These were the primary testing areas for atmospheric detonations prior 
to the signing of the Limited Nuclear. Test Ban Treaty. These areas 
are now used for underground testing in vertical holes with the butk 
of the tests belng conducted in Areas 3, 7, 9, 10, and 2. From the 
center of the forward test areas in Yucca Flat, it is some forty miles 
to the nearest off-site permanent residence. 


The main control point is located midway between the Yucca and 
Frenchman Flat areas. 


Area (2 contains the main tunnel complexes. These tunnels are 
mined Into the side of Rainier Mesa to give larger work areas for 
more complex experiments than can be placed in the vertical holes. 


Pahute Mesa provides facilities for testing at higher yields than 
are feasible in Yucca and Frenchman Flats. 


The Nuctear Rocket Development Station is set aside for the 
testing of nuclear engines for rocket vehicle application. 


Several nuclear excavation experiments have been conducted at 
the NTS, among them the Sedan event in Area 10, Buggy in Area 30, and 
the Cabriolet, Palanquin, and Schooner events In Area 20. 


Before describing radiological safety procedures, a few words 
should be said about how releases of radioactive effluent at detona- 
tlon time can occur in nuclear explosives testing. Since the signing 
of the Limited Nuclear Test Ban Treaty, all United States nuclear 
exptosives tests have been conducted In an underground environment. 
The majority of the tests conducted since the treaty have been designed 
to be fully contained (that is, release no radioactivity to the atmos- 
phere). Only In the case of such things as excavation or aggregate 
production-type experiments is any release of radioactive effluent at 
detonation time anticipated and even in this case the fraction of 
radioactivity released is designed to be small compared to the total 
amount of radloactivity produced. 


For experiments designed to be fully contained It must still be 
recognized, however, that some radioactivity can be released by 
accident. Such releases are customarily separated Into two rather 
loose categories referred to as "venting" and "seepage." Venting can 
be roughly defined as a prompt release of radioactivity usually 
occurring within a few minutes after the detonation and frequently 
resulting In a visible and radioactive dust cloud. Seepage may also 
start shortly after detonation but usually does not produce a visible 
cloud. (t {s charact@&rized by a low-level, long-term release of 
highly fractionated fission products consisting primarily of noble 
gases and volatiles. The few ventings which have occurred, on the 
other hand, have generaity been relatively unfractionated and have 
lasted for only a very short period of time. Causes of these 
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effluent releases are not always readily determined. Seepage has 

been bound to occur through firing and diagnostic cables leading to 

the explosive, through fissures Jn the soll, or in and around the 
emplacement casing where stemming or grouting material has been shifted 
by the detonation. 


Causes of ventings are even more difficult to determine than for 
seepages. It appears, however, that such things as shallow buria! and 
local weaknesses in the geological medium can combIne to produce vent~ 
ings. 


With this rather sketchy background, the more unusual portions of 
the on-site health protection program can be described. The Industrial 
safety, fire protection, and medical problems encountered In testing 
programs are typical of the heavy construction and drilling industries 
and will not be discussed here. 


At the present time the Nevada Operations Office has two con- 
tractors who provide on-site radiological safety services. At the 
Nevada Test Site the Reynolds Electrical and Engineering Company (REECO) 
provides these services. At sites other than the NTS our contractor Is 
the Ebertine tnstrument Corporation. The services which both contractors 
provide are basically the same. 


Each contractor maintains an active on-site environmental survel i- 
lance program, provides tralning as necessary, and controls and documents 
any radiation exposures to on-site workers by use of personne! dosimetry 
and bioassays. 


Because some of the health physics problems which are encountered 
are unique to nuclear explosives operations, and particularly to drilling 
and tunneling operations,.lt Is necessary that monitoring personne! 
receive at least a portion of their field expertence working on drill 
clgs and In tunnels. 


Prior to each test, alr sampling units and remotely operated gamma 
exposure rate measuring units are placed around the surface ground zero. 
These unlts document any release of radloactive effluent. In addition, 
the exposure rate units whlch comprise what Is more commonly referred 
to as a remote area monitoring system (or RAMS) provide an early 
Indication of any release and can provide information on exposure 
rate levels at stations where re-entry Is required. The RAMS units 
In current use normally have a six-decade readout capability from 
about one mR/hr to 1,000 R/hr. The output of these units Is returned 
by hardwire or r-f tetemetry to the contro! point for evaluation by the 
Test Manager and the testing laboratory. Should a release of radio- 
active effluent occur, standard procedures have been developed for 
estimating the quantity of radioactivity released to the atmosphere 
based on meteorological conditlons and an assumed source geometry. 


This equipment is, of course, Instal.ted, checked out, and 
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calibrated well prior to the detonation. 


Based on the meteorojogical and maximum credible radiation 
predictions presenteg at the first pre-shot weather briefing, areas 
around the immediate test area are cleared of all personne! not 
necessary for the final pre-shot preparations. Additional weather 
briefings prior to detonation time may expand or shift the areas to be 
cleared of personnel, 


For tests which are predicted to cause significant motion from 
seismic effects, personne! may also be removed from tunnel or under- 
ground work areas, drill rigs may be shut down, and personne! gener- 
ally requlred to be in non-precarious locations. 


Prior to the event, geophones which monitor seismic activity are 
also placed in the vicinIty of the surface ground zero. After the 
event, these geophones monitor the progress of the underground chimney 
as it works its way toward the ground surface. Personnel are kept 
outside the surface ground zero area until a surface subsidence occurs 
or until the geophones indicate the underground growth of the chimney 
is complete. 


Following the detonation, and after geophone and RAMS readings 
indicate it is safe to re-enter the test area, an initial radiation 
survey is made of the detonation site. Monitoring personnel are 
equipped with anti-contamination clothing and respiratory protection 
equipment. The radiation survey includes the emplacement casing, any 
instrument holes, cables, and the diagnostic or timing and firing 
trailers. The radiation survey data is relayed to the control point, 
recorded, and evaluated. As soon as the evaluation has established 
that there are no significant radiological! hazards, scientific personnel 
are permitted to re-enter to recover their data and equipment. For 
those rare cases where a radiological problem exists, monitors are 
provided for each recovery party to assure that they do not exceed 
permissible exposure standards. In such a case, scientific personne! 
are also appropriately dressed in anti-contamination clothing and 
provided with respiratory protection. 


Prior to the detonation a radiological safety check station is 
established at the re-entry point to control personnel access and to 
assure that re-entry personnel are appropriately outfitted. Should 
a radioactivity release occur, personnel and equipment are monitored 
upon exit from the area and can be given preliminary decontamination 
at this check station if necessary. 


Under normal conditions for those events designed for contain- 
ment, no radiation problems exist and the check station or access 
control trailer is moved to within a thousand feet or so of surface 
ground zero as soon as the initial surveys and data recoveries are 
completed. Movement of the check station to a location close to the 
emp{acement site reduces the size of the area under control and permits 
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resumption of normal operations in those areas outside the immediate 
emplacement site. 


Following the detonation it is normally nacessary to re-anter 
the detonation zone (usually by drilling) to obtain samples of the 
radioactive debris. These samples are used for determination of 
explosive yleld and for other diagnostic information. 


The next slide (FIlgure 3) shows three methods of post-shot 
drilling used at the Nevada Test Site. 


The next slide (Flgure 4) depicts a general circulation system 
of the drilling fluid for the drill! rig. This fluid circulates from 
a pump through a hose to the drill stem. It then flows down the 
dritl stem and out through the drill bit thereby cooling and lubri- 
cating the bit. The fluid then returns to the surface through this 
annulus carrying the cuttings in suspension. Since several drilling 
fluids may be used such as mud, water, air (and in the case of gas 
fields, natural gas), the treatment at this point depends on the fluid 
used. At the NTS some form of mud Is customarlly used for post-shot 
drilling. 


As drilling proceeds, a point is reached where clrculation of the 
drilling fluid Is lost. This is desirable since, if circulation Is not 
lost, radioactive mud can be returned to the surface as the drilling 
nears the radioactive melt zone. Circulation is lost because the 
fluid flows out into the fractured zone near the detonation point, 


In some cases radioactive gas, or radioactivity contained in 
steam produced by the fluid contacting the thermally hot detonation 
zone, forces its way to the surface through the annulus or drill 
stem. To reduce effluent releases to the atmosphere and minimize 
personne! exposures from this source, several treatment methods are 
available, One method consists of making this a closed system so 
that material returned to the surface is placed back down the hole. 
For cases where this method is not practical, the fluid or gases can 
be run through a ventilation system consisting of mud or chip traps, 

a charcoal filter system, and released to the atmosphere. This system 
removes essentially all radioiodine from the effluent so that for 
practical purposes only the noble gases are released. Quantities of 
radioactive effluent released are such that they are seldom detectable 
outside the immediate work area. 


Personne! are assigned for radiation monitoring on and around the 
drill rtg during the re-entry. At the same time air samplers and RAMS 
units are set up around and on the rig ventilation system to measure and 
document any release of radioactivity. 


The next slide (Figure 5) shows one method of obtaining a sample 


of the radioactive debris. A coring tool is lowered on a wire line 
into the center of the dril! string and forced out into the hole wall. 
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The coring too! is then raised to the surface with the sample wedged 
inside. At the surface radiation monitoring personne! remove the 
sample from the tool and package it for shipment to the laboratory 
sponsoring the test. 


After recovery of samples, the post-shot sampling hole is sealed 
off, the drill rig and tools are decontaminated if necessary, and 
any radioactive waste is cleaned up. 


Procedures similar to those described are used on almost al| 
nuclear explosive tests regardless of whether they are conducted for 
weapons testing or Plowshare. Specific procedures will vary somewhat 
from event to event, depending on the type and purpose of the experi- 
ment and individual circumstances. 


To show specific application of some of these procedures, the 
next slide (Figure 6) shows the exterior of the access control trailer 
used for Project Gasbuggy. Note the cribbing and tiedowns for pro- 
tection of the trailer against ground motion. 


One view of the interior of the access control trailer is shown 
in the next slide (Figure 7). The bins and cabinets are used for 
storage of protective clothing, spare parts, and miscellaneous equip- 
ment. Not visible in this view are a large hot water tank, sink, and 
shower for personnel decontamination. 


The next slide (Figure 8) shows the Gasbuggy RAMS array used on 
the day of detonation. Note that on this particular event two units 
were placed in the downhole stemming. This procedure gives an early 
warning should radioactive effluent begin to work its way up through 
the stemming. 


The final slide (Figure 9) shows the RAMS array used for the 
postshot drilling. The Gasbuggy nuclear explosive was placed in the 
20-inch diameter emplacement hole by lowering the explosive on the 
end of a 7-inch diameter drill string. Stemming was then placed 
inside the 7-inch string and in the annulus between the 7-inch string 
and the 20-inch casing. 


The initial re-entry into the Gasbuggy chimney was made by 
drilling with natural gas to a depth of about 3,260 feet at which 
point the drilling fluid was changed to a water-bentonite mixture 
because of wet-hole conditions and cement buildup on the drill pipe. 
Four RAMS units were placed on a circle of about 300-foot radius 
around the emplacement hole. 

For that portion of the drilling which used natural gas as a 
drilling fluid, a gamma ray scintillation detector was placed on the 
exhaust line to detect any release of radioactivity in the gas. For 
that portion of the drilling which used the water-bentonite mixture, 
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RAMS units were placed on the mud line and on the mud storage tank. 
The data from the downhole RAMS units and from other detectors mounted 
below the rig floor were also available. 


In addition to the equipment shown, an air sampling array was 
established for zero time with equipment and facilities available 
for calibration, maintenance, and repair of electronic equipment as 
well as a mobile sample analysis laboratory. 


Sample of the drilling fluid returns were collected and analyzed 
in these facilities as well as the usual air, soil, water, and vege- 
tation samples. 


The maximum radiation exposure of any on-site worker for: the 
Project Gasbuggy detonation and subsequent post-shot drillback was 
less than 10% of the maximum permissible guidelines for the experi- 
ment, 


In summary, the general Nevada Test Site radiological safety and 
documentation program is readily adaptable for use on Plowshare experi- 
ments conducted at sites other than NTS and will provide adequate con- 
trol of employee radiation exposures. 
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Three methods of postshot drilling at NTS. 
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Circulation of drilling fluid. From the mud 
pump {A) the fluid goes to the swivel (8), from the 
swivel down through the kelly (C), through the drill 
stem (D) to the bit (E). At the bit the drilling fluid 
washes the cuttings from the bit and the bottom of 
the hole and carries them back to the surface through 
the annulus (F), At the surface, @ pipe carries the 
cuttings in suspension through a shole shaker (G), 
which removes the cuttings From the drilling fluid. 
From the shaker the drilling fluid goes to the mud 
pit (H) and the whole cycle is begun again. 
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QUESTIONS FOR DONALD HENDRICKS 


From Tom Rozzell: 
How long Is monitoring for seepage continued after each shot? 
ANSWER: 


As long as necessary, sometimes the seepage has lasted for a few hours 
and other times It has lasted for a number of days. We try to monitor 
It until we are sure that It has stopped. | should mention that In 
some cases we are able to stop these seepages. it depends strictly 
on how they occur. If It Is coming through the stemming Inside the 
emplacement casing, we are able to put cement or something In there 
to try and stop It. If it's leaking from Just broken ground or a 
crater, stopping It Is not always possible. You can pour a cement pad 
over It and It will continue to leak around the edges and we wlll 
monitor It as long as It Is seeping. 


From Robert Karsh: 


Under your definition of a "contalned" detonation, how much gaseous 
radiation release ts permissible before you conciude the detonation 
was not contained? 


ANSWER: 
We, on occasion, have small releases as mentioned before from cables 


around the emplacement hole - In general they range from a few curles 
and by few | mean a few 10's to 100 curles or so and my personal opin- 


Ion Is that they are satisfactorily contained. They are not, In general, 


detectable outside the Immediate ground zero area. 


From Sidney Porter: 


You stated that a total of 10% of Gasbuggy allowed exposure was the 
maximum, What was this allowed exposure and how was the actual ex- 
posure measured? 


ANSWER: 


The guldelines which were used, and note | am addressing myself only 
to on-site workers here, the gulde!ines are those which are contained 
In AEC Manual, Chapter 0524 and are essentially similar to those con- 
tained In Part 20 with minor differences, but in this case it's three 
rem per year externa! exposure, five times N-18 and the rest of that. 
1 didn't bring the exact numbers, but these are measured from film 
badges, pocket dosimeters and that sort of thing. There was also-a 
urinalysis done on those people for whom any Internal exposure of 
tritium was suspected. 
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From Robert Karsh: 


A radioactive nature lover from Las Vegas recently tripped the moni- 
toring device at Kennedy airport with dust in his pants cuffs. Does 
this imply excessive distribution of vented radiation? 


ANSWER: 


Weft, t would like to know the detait!s on the story. We heard the 
same rumor and checked it out and the last | heard there was no 
foundation to the story. 


From Sydney Porter: 


In Project Gasbuggy, what was the total exposure in man-rems? How 
was this exposure received? How can it be reduced In future opera- 
tions? : 


ANSWER: 


1 guess | should clarify one thing, when those down-hole rams detected 
the leakage of gas, the radioactivity coming up through the stemming, 
rather, the first sign of this was seen at something like five hours, 
and when it indicated that the levels as measured by the down-hole 
rams were continuing to rise somewhat, the cables were cut and the 
hole was sealed off. Something less than a curie of noble gases was 
refeased. [ believe [t is in the neighborhood of one curie which is 
the reason, of course, the PHS monitors could not see it off-site. 

As far as the original question goes, only two individuals associated 
with the project received external exposures as measured by film badges. 
A radiological monitor recelved 70 mrem while one of the laboratory 
sclentists recelved 105 mrem. The monitor's exposure is bel}leved to 
have been incurred while working with radioactive sources during 
Instrument calibration. The scientist's exposure was probably in- 
curred at the Nevada Test Site while working on another project. 
Neither exposure is considered to be related to any release of radlo- 
active material from the Gasbuggy detonation. 


From the day of the detonation through April 1969, there have been no 
measurable Interna! exposures (as determined by urinalysis). 
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PUBLIC HEALTH SERVICE SAFETY PROGRAM 


John R. McBride 
Southwestern Radiological Health Laboratory 
Las Vegas, Nevada 


ABSTRACT 


Off-Site Radiological Safety Programs conducted on past 
Plowehare experimental projecte by the Southwestern Radiological 
Health Laboratory for the AEC will be presented. 


Emphasis will be placed on the evaluation of the potential 
radiation hazard to off-site residente, the development of an 
appropriate safety plan, pre-,and post-shot surveillance activ- 
ities, and the necessity for a comprehensive and continuing 
community relations progran. 


In consideration of the possible wide use of nuclear ex- 
plosives in industrial applications, a new approach to off-site 
radiological safety will be discussed. 
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The Public Health Service Safety Program began In 1954, when the 
U. S. Atomic Energy Commission (AEC) and the Public Health Service (PHS) 
entered into a contractual arrangement called a "Memorandum of : 
Understanding." 


This document stipulates that the PHS is responsible for assuring 
the safety of the public - off the test site proper ~ from any nuclear 
tests conducted by the AEC. Although the original document referred to 
the Nevada Test Site, just north of Las Vegas, we have since participated 
In tests conducted in New Mexico, Mississippi, Alaska, Centra! and 
Northern Nevada, and the Pacific. 


There were four oriiginal objectives of the PHS program: 
1. To verify the off-site radlologica! situation assoclated 
with tests to insure protection of the public from radiological and other 


effects of nuclear testing; and, in the event unacceptable situations 
develop, to effectuate appropriate protective actions as required. 
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2. To document, through radiation monitoring and environmental 
surveillance, the radiation exposure to off-site areas. 


3. To assure the public, through persona! contact and a program 
of community relations and public education, that al! reasonable safe- 
guards are being employed to protect public health and property from the 
effects of testing. 


4. To investigate Incidents involving radiation or its effects 
which could result in clalms against the U. $. Government or create un- 
warranted adverse public opinion. 


In recent years these objectives have been supplemented with three 
additional objectives: 


a) To document any increase in environmental levels of radio- 
activity due to nuclear testing. 


b) To conduct special studies to determine transport phe- 
nomenology of radioiodine in environmental and biological systems and to 
determine its effect on man, 


c) To assist other agencles in the protection of the public 
from Injury due to the seismic effects of nuclear tests. 

The surveiltance program was initlally limited to the area within 
approximately 300 miles of the Nevada Test Site. Subsequently, the pro- 
gram objectives were expanded to include the 22 contiguous states west of 
the Mississippi River, and to the other areas when tests are held outside 
this region. 


Keeping the aforementioned objectives in mind, the PHS program can 
be subdivided into six general categories: 


1. Monitoring and surveillance programs. 

2. Population and milk cow statistics and distribution. 

3. Community relations and public education. 

4. Veterinary investigation. 

5. Medical investigation. 

6. Bioenvironmental research. 

At this point | would like to briefly review with you the essence 

of these six categories and then take you through an actual Plowshare 


project, Gasbuggy, to Illustrate how the program and objectives are 
carried out. 
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Monitoring and surveillance includes routine surveillance of alr, 
water, milk, and vegetation, and event-oriented surveillance performed 
by moblle teams in conjunction with specific events. Detalled population 
and milk cow surveys are conducted around sites prior to tests. This 
census Is detailed as to numbers of adults and ages of children by specific 
location. The survey Includes ail [individual family cows as wel! as grade 
grade A dairy cows. 


The results of monitoring and survelllance efforts just ment loned 
are continuously scrutinized to determine the possibtiity that there was 
or will be significant Itngestlon or Inhalation of radloactivity. 


The Southwestern Radiological Health Laboratory (SWRHL) operates a 
sophisticated and extremely sensitive whole-body counting facIlity as a 
part of our Medical Program. The moblle monitors and alrcraft crews are 
more directly exposed to any effluent cloud than the genera! population. 
As soon as possible, these men are returned to the laboratory, appropriate 
blo-assays are made, and each man Is given a whole-body scan to determine 
the amount and distrIbution of radionuclides In the body. These data, 
together with dose estimates derived from radioactivity In ml)k and water 
samples, furnlsh conservative estimates as to the maximum doses that could 
have been received by the genera! population. 


Continuous efforts are made to retaln good relations with the public 
through personal contact, the dissemination of timely information on 
nuclear events, and an explanation of the steps being taken to assure 
public safety. An Important part of this program is the day-to-day con- 
tact of SWRHL monitors with the people In the performance of thelr duties. 


To the genera! public, nuclear explosions instantiy recall the 
horrors of Hiroshima. This assoclation and the resulting fears must be 
treated with respect by the fleld monitors, who at the same time explain 
technical details of the particular event being conducted and the associated 
safety measures that have been or are being taken. In many cases the 
public actively participates In the safety program by operating air, milk, 
and water sampling stations as well as exposure rate recorders, 


The safety program is not only concerned with radiation effects on 
man, but the animal poputation as well. The veterinary or animal investi- 
gations program was originally established during the atmospheric testing 
days to investigate claims of beta burns to domestic livestock and wI!d- 
life. Although since the advent of the |imited test ban treaty, the 
number of such claims has dimlnished considerably, we stll!, from time- 
to-time, receive complaints from ranchers with sick animals. Each of 
these claims is carefully and thoroughly Investigated and the disease or 
allmant is diagnosed. The veterinarians assigned to this program work 
closely with local veterinarians and participate actively in professional 
veterinary organizations. tn addition to these activities, an experi- 
mental beef herd, in excess of 40 animals, has been maintained on the 
Nevada Test Site, from which samples of bovine tissue and bone are taken 
periodically to determine the concentrations of fission and activation 
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products. A comprehensive study of wildlife on and adjacent to the test 
site has, and is, being conducted in cooperation with other agencies to 
assess the radionuclide content of edible species. The results of these 
studies are available in the open literature and show no radiation either 
to the animal or the consuming public. 


Physicians on the laboratory staff, trained in radiation medicine, 
investigate claims of persona! injury from the public. They also operate 
what is called the Medical Liaison Officer Network, also referred to as 
MLON. This network is comprised of physicians in almost all of the 
50 states who are knowledgeable in radiation injury. Local investigations 
in the area immediately surrounding the NTS are made by the Laboratory's 
physicians, whereas those at greater distances are handled through the 
MLON physicians. Whichever method is used, local specialists may be called 
into the investigation for consulation or assistance; for example, In an 
investigation involving a skin condition, a dermatologist may be consulted. 


The philosophy of the MLON is not to state simply that this is or 
is not a radiation injury, but rather to make a definitive diagnosis. 


Simultaneously with the above mentioned action programs, the 
Laboratory conducts long-range safety studies as part of the Bioenvironmental 
Research Program. As an oversimplification, this program's mission is to 
investigate the transport and biological effect of radionuclides as they 
move from the source to man through the food chain. Initially, the pro- 
gram was established to investigate the behavior of radioiodine, although 
other radionuclides of concern are or will be investigated. Again, stated 
quite simply, the objective of this research is to develop reliable pre- 
dictive models, whereby having a known source term and known meteorologi- 
cal conditions, you can predict to an accuracy of a factor of two at the 
90% confidence {evel the amount of radioactivity in the food chain avail- 
able to man within a fallout area. It is anticipated that our investi- 
gations into radioiodine will permit us, by mid~1969, to predict the 
average peak levels of radioiodine in the milk of dairy cows fed feed 
from a fallout area - when the source of radioiodine and the meteoro- 
togical conditions are known. 


Other speakers have referred to "Project Gasbuggy." | too would 
tike to use it as a typical Plowshare underground engineering experiment 
and illustrate how the above-mentioned safety program operates. 


As has been mentioned, Gasbuggy was detonated on December 10, 1967, 
in a gas-bearing media approximately 55 air miles east of Farmington, 
New Mexico. The actua! concept of the experiment was developed some 
years before, and in 1965 the Laboratory was first approached to do a 
paper study of the environment. This feasibility study, with partici- 
pants from many AEC contractors and the Lawrence Radiation Laboratory, 
resulted in the conclusion that the project could indeed be carried out 
with safety and a promise of success in fulfilling the technical objec- 
tives. When the agreement was signed on January 31, 1967, between the 
Government and industry, the ful! program effort began. 
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At this point, our Laboratory made the initial contact with 
officiats of the State Health Department of New Mexico. We outlined 
the project as proposed by the AEC and asked the State's assistance in 
conducting the Off-Site Radiological Safety Program. Working in complete 
partnership, the staffs of the Laboratory and the State commenced the 
Initial gathering of census data on population, domestic livestock, 
wildlife, and other environmental media necessary to develop a compre- 
hensive program. After receiving source term information and possible 
meteorological conditions, these data together with the census data 
were consolidated and analyzed, and a draft operational safety plan was 
developed. This plan, which pointed out certain limiting conditions, 
i.e., evacuation areas or the need for post-shot protective action pro- 
cedures, was forwarded to the AEC for review. 


The AEC safety review considered all factors affecting the safety 
of the project; among these were the depth of the device, the proximity 
of an aquifer to the detonation, and the location of gas production wells 
with respect to ground zero. The device was considered to be overburied 
by safety standards at the Nevada Test Site since it was emplaced at a 
depth of 4,240 feet. A device of the same yield would be considered 
safely emplaced at a depth of approximately 1,200 feet. The nearest 
aquifer was considered to represent no problem since the lowest water- 
bearing formation was approximately 560 feet above the shot point. The 
site chosen for the project is on land leased by the industrial partici- 
pant, E! Paso Natural Gas Company; the only wells in the area belong to 
them, and the closest production well was 3,400 feet from ground zero. 

As an added precaution, al! producing wells within a five-mile radius of 
ground zero were physically separated from the gas transmission system, 
Nevertheless, the AEC hypothesized al! possible failure modes which 

could release radioactivity into the atmosphere, the ground water, or 

into the natural gas production system. Although these failure modes were 
considered highly unlikely, the AEC authorized the Laboratory's compre- 
hensive radiological safety program for Project Gasbuggy. 


{In accordance with the operations plan, the SWRHL pre-shot prepa-~ 
rations were begun in June 1967. During the summer of 1967, the census 
was completed out to a distance of 100 miles of the shot point. In 
addition, all mining and tunneling operations within 50 miles were lo- 
cated. As the census information was collected, SWRHL personnel dis- 
tributed printed information to the public explaining the nature of the 
experiment and answered questions by the local population regarding 
their activities. The community relations program was intensified during 
later periods when the SWRHL Project Officer and the State Health 
Department officials visited toca! officials in the surrounding com~ 
munities. The Initia! environmental sampling was begun in August 1967. 
This included the collection of daily air samples at 35 locations around 
the site; the collection of milk from 22 stations - 13 representing 
family milk cows and nine grade A dairies; 34 water sampling stations 
were established, 6 representing municipal water systems, the others 
open or well water sources. 
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A new dimension was added to the environmental sampling program for 
Project Gasbuggy in that 15 samples of natural gas from producing wells 
in the area were sampled and analyzed pre-shot. Natural gas produced In 
the San Juan Bastin was known to contain measurable quantities of Radon~-222, 
Some had hypothesized that the ground shock and resulting ground motion 
from the explosion would shake the medium to such an extent that the 
amount of Radon found would markedly Increase {n the natural gas. Incl- 
dentally, this did not happen. 


A network of thermoluminescent dosimeters (TLDs) and film badges 
was established at 50 stations surrounding the test site In October of 
1967. The TLDs are, tn our optnion, rellable personnel monitoring devices 
with a low sensitivity of 4 mR. 


Medical and veterinarian activities began during the summer of 1967 
when the respective officers made visits to various state and local physI- 
clans and veterinarlans and briefed them on the safety programs as. wel! 
as the medical aspects. 


Approximately 30 people from SWRHL and the State Health Departments 
of New Mexico and Colorado were assigned to the program and were on 
station on December 1, 1967. A short training course was given for State 
personnel on procedures to be used and all personne! were orlented with 
the area around the site. At shot time of December 10, 33 personne! were 
on station, Inctuding monitoring teams In two alrcraft orbiting the site. 


As you all know, the experiment was fully contained. Had there 
been any prompt venting or seepage from the project, we would have been 
fully prepared. An on-site remote area monitoring system would have 
telemetered Information back to the AEC control point, and the alrcraft 
teams would have measured and tracked any airborne radioactivity. This 
Information would have been Instantly available to the PHS Project Officer 
who was In constant communication with the mobile ground mon! toring 
forces. These teams would have been deployed Into the path of any 
cloud to assess actual radioactivity levels at downwind distances. Should 
the situation so warrant, the poputace could elther be asked to remain 
Indoors during the cloud passage or to evacuate In accordance with a pre- 
arranged plan. 


In addition to thts emergency type action, our protective action 
plan Incorporates provisions to reduce radioactivity levels In the food 
chaln. These may Involve the covering of forage used by milk cows, sub- 
stituting "clean" forage, or as a last resort diverting miik supplies to 
cheese or other dairy products to allow for radioactive decay. 


Since there was no venting, the environmental sampling program was 
greatly reduced shortly after the experiment; otherwise, these programs 
would have been continued until background levels were reached. (A re- 
duced safety program has been continued at the Gasbuggy site in connection 
with the flaring operations of the experimental! well.) 
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tt Is our conclusion that from the safety standpoint the project 
was a success. The population was not exposed to any airborne radio- 
activity from the avent; no evidence has been found of any contamination 
to the ground or surface waters; and there has been no migration of radio- 
nuclides Into other gas-producing wells or the existing natural gas dis- 
tribution system. We also believe we were well prepared so that our per- 
sonne| could effectuate pre-developed emergency procedures to Insure the 
protection of the public health had an unforeseen accident occurred. 


In closing, |} would ilke to leave you with a thought and a challenge 
for the future. . 


As you all know, the Atomic Energy Act of 1949 reserves exclusive 
Jurisdiction to the AEC for all health and safety matters connected with 
the detonation of nuclear devices. If the use of nuclear explosives 
proves to be @ success in the recovery of gas, oll, or minerals, it Is 
doubtful that elther the AEC or the PHS would have the manpower or other 
resources to handle all of the possible commercial utI lization of this 
new tool. What then? Some discussion Is presently taking place that 
industrial organizations could accept the safety responsibility along 
with the site development, drilling, etc. 


What Is the role of the State? PHS? AEC? What kind of safety 
program Is adequate to protect the public when the application of this 
energy Is moved from the experimental Into applied use. Who decides 
when this transition takes ptace? How many experiments are necessary to 
conclude the program Is no jonger experimental? How many experiments 
are necessary before existing comprehensive safety programs can be 
reduced In scope? Ooces this new resource enter into the same category 
as an oll refinery, a chemical! plant, or a nuctear power plant? There 
are, of course, other questions relating to public health, dealing with 
appropriate standards as to the consumer product. These will be covered 
In other papers. Nevertheless, public health agencies must think of the 
future now for, If Industry is to seek the benefit in the peaceful 
application of nuclear explosives, the time to consider the inevitable 
changes Is fast approaching. The questions | have ralsed and to be frank 
| do not have the answers are mostly jurisdictional In nature, We can 
not afford, however, to become Involved in such Jurisdictional disputes, 
when the need for adequate protection of the public's health Is at stake. 
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QUESTIONS FOR JOHN R. McBRIDE 


From Robert Karsh: 


Do you monitor children who are known to be strategic bio-concentrators 
of jodine-131, or do you merely extrapolate from measurements on cows, 
milk, and adult employees? 


ANSWER: 


Although this didn't happen with a Plowshare experiment, we do have ac- 
cidents that occur and we make al! the effort that we can to prevent 
them. One of the weapons shots did vent and activity was sent north 
over the Test SIte and a community called Hiko. There were about 80 
people living in the town and we monitored every one of them Including 
the children. And for some reason if you extrapolate from milk to 
people, you will flnd that thelr dosage should have been about five 
times higher than they actually were. | think part of this Is be- 
cause the FRC standards assume that a child drinks a liter of milk 

and | don't think this Is so. We do monitor, we do look at the 
children very closely and we are concerned with them. 


From Robert Karsh: 


What warning system is used or contemplated when iodine-I3! is found 
to be too high in the mi tkshed? 


ANSWER: 


We have a source term - this is given to us before the shot occurs - 
so we can calculate from the amount that under certain meteorological 
conditions that should exist at distance. This is worked out before 
the shot even goes. Now if, and by the way | serve and Dr. Carter 
serve as members of the AEC Safety Panel before each shot, and If it 
appears that this is in excess of the FRC guides, the shot is post- 
poned until favorable conditions develop. Now even with all this 
care is taken, if the meteorology changes and it does, we take immedi- 
ate action. {na case say in the coltection of milk from family cows, 
when we sample the milk, we take all the milk available. Therefore, 
the famity Is not the receptor. In other cases, we are prepared to 
bring clean feed in for the cows. We are also prepared to substitute 
milk and of course notify the appropriate state and local officials 
of this action In advance, 


From F. Chin: 
Could you comment on the extent of the PHS role in assistance for 


off-site seismic effects which you briefly mentioned as a supple~ 
mental activity? 
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ANSWER: 


SInce we have so many people In the off-site area and we have con- 
tact with miners and ranchers and the populous in general, we more 
or less do this as an additional duty. We take the ground motion 
experts' predictions, and then warn the populous of the shot ad- 
vising for Instance to stay out of a mine during this pertod, 
asking to stay off of scaffolding and precarious perches and high 
places. Sasically, we have been used to carry the message. 
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STATE AND LOCAL SAFETY PROGRAM 


G. OD. Carlyte Thompson, M.D. 
State Director of Health 
Utah State Division of Health 
Salt Lake City, Utah 84113 


ABSTRACT 


Thia paper will give emphasia to the need for an increasing role of 
the statea, along with the Federal agencies, in the Plowshare Program in 
order to assure atate and local confidence with respect to the safety of 
their residente as the Federal government seeks new methods to benefit 
society. 


Firet will be stressed the age-old principle of control at the source. 


Other factors to be discussed are monitoring; standards and their use; 
control action; public relations; predictions and the need to have certain 
advance knowledge of teste - even tf security clearance is necessary for 
appropriate state representatives; the state and local government respon- 
atbility to their citizens; the isolation of national decision making from 
state and local concern and responsibility; cost assessments and their 
responsibility; and research ae it relates to the ecological system as 
well aa the direct short- or long-term effecte of radioactivity on man. 


The threat to human health of radioactivity in the environment has 
received grow!Ing attention in the post-war period, and has caused health 
officials In the United States considerable concern. The almost unlimited 
possibilities for useful application of radioactivity or operations re- 


sulting In radioactivity will attract the intellectual and practical 
efforts of mankind for centuries to come. How well these applications are 
thought through In advance will determine whether this new tool will be a 


blessing or a curse to society. 


Much evidence has been accumulated to date to show the feasibility of 
controtling radioactivity at levels which will not resu!t in unacceptable 
hazards. At the same time we must not forget that radioactive fallout in 
the 1950's from weapons testing was of such a degree and composition of 
long-term half-{ife nuclides that it may be many years before we actually 
are certain about any resulting hazard. Thus, past experience and the vast 


487 


complications of the subject argue against any complacency about our present 
level of knowledge. We simply cannot take It for granted at this juncture that 
our past control of radloactive exposure has been adequate nor that it will 
continue to be adequate without greatly increased attention to the entire 
subject and greater planning effort directed toward major decislons concerning 
use of the new tools we have found. This symposium is In Itself an IndI- 
cation of this concern and a response for that concern. 


Control of environmental pollution at the source has been regarded as 
the most effective means of removing or forestalling threats to the health 
of the population. The philosophy is still sound, and must be applied in al! 
cases to the limit of practicality, and especially In the case of radlo- 
activity, sInce everyone agrees that no unnecessary radioactivity should be 
Imposed on the environment. When the standard practice of treating effluents 
becomes Impractical, as seems evident In the Plowshare Program, the decIsion 
as to whether or not to continue promoting the possible benefits of a program 
to soclety revolves around questions of how adequate are our predictions and 
measurements of contamination and what are some long-term effects of pursuing 
a certain course of action. The subjects thus opened up Include monitoring, 
standards, controls, public relations, methods of prediction, state and local 
government responsibility, the Isolation of natlonal decision making from 
state and local government concern and responsibility, costs of surveil lance 
and retated actions, and planning of research. 


Utah's geographical position with respect to the Nevada Test Site has 
served to emphasize the critical responsibility devolving on state and local 
health officials in protection of the population against radioactive con- 
tamination, especially when source contro! Is not feasible. Several papers 
earlier In this symposium have Identlfled our downwind location. Other 
states have been involved in the usual sources of radioactivity, but many of 
these do not present the problems of extensive monitoring or the critical 
public relations problems which have been experlenced in connection with 
tests in Nevada. 


As a result of the 1962 contamination experience, which involved Utah milk 
supplies to a high degree, Utah was obliged to move into an extensive monl- 
toring and laboratory program which it could not have supported without 
substantlal financial help from the Public Health Service. The 1962 event 
has been reported before and wil! not be elaborated here except to say that 
it has sensitized people in Utah to the potential hazard which exists at the 
Nevada Test Site. 


As {ndicated by SLIDE |, at the present time Utah has eighteen air 
monitoring stations which operate twenty-four hours a day throughout the 
year. Operators.are Instructed to calf the State Health Division personnel 
involved, night or day, when readings of atmospheric radioactivity exceed 
a certain pre-determined figure. This is catculated to give early warning 
for the purpose of Intensifying the regular milk monitoring procedures. 
Bi-weekly samples from milk tankers (routes shown on the slide) covering 
all major grazing areas in the state are analyzed for fodine-131, strontium-89 
and -90, ceslum-137, and barlum lanthanum-40. The existence of this monitoring 
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network in 1962 would have better prepared Utah for that event. The Utah 
network has gradually evotved since that time. 


SLIDE |! indicates air monitoring results collected in Salt Lake City, 
and shows examples of types of results obtained with this monitoring net- 
work, The first peak resulted from the cratering shot of 1962; the second, 
in the same year, is from an unscheduled venting at the test site; the next 
three peaks are those resulting from Chinese testing; and the final one is 
from the scheduled venting at the Nevada Test Site in December 1968. 


In the middte and late 1950's the Salt Lake air monitoring station, 
the only station in continuous operation, identified atmospheric fallout 
from the Nevada Test Site at levels 5 to 7 fold greater than the 1962 
Salt Lake City peak shown in Slide I. 


The pattern of deposition of fallout over the state from this "Schooner" 
shot is indicated by SLIDE 11! which shows the air results of each of the 
Utah stations. Charts for each of the Chinese shots show a similar pattern 
for both air and milk. 


In addition, a statewide monitoring system for detection of tritium in 
water is now getting underway. These activities, related almost entirely to 
earlier testing programs, will become more important as the testing activities 
increase, whether due to weapons testing or Plowshare projects 


Not only is the Utah monitoring system presently considered to be an ab- 
solute minimum commensurate with the possible hazards involved, but it is 
furthermore our opinion that the system must be expanded in the future if 
the proposed Plowshare Program continues. One of the reasons for this is 
the past history of prediction failures which were related initially to 
weapons testing programs. There is ample evidence in Utah to show that the 
most careful meteorological! predictions of fallout paths do not materialize 
in every case, and that without an extensive monitoring system there is no 
way of detecting the possible exposure of the population resulting from 
certain atmospheric testing activities. And, for that matter, there is no 
way to assure the population that fallout did not occur. 


Needless to say, the State or local health official is not dis- 
charging his responsibilities in any adequate degree if he is not prepared to 
answer with reasonable precision the questions "Was there any environmental 
contamination in Utah as a result of the last test, where did it occur and 
at what levels?" 


Constant updating of laboratory capability is also a necessity, re- 
sulting in added expenses far beyond those originally contemplated. For 
example, at considerable extra cost, we have recently acquired a liquid 
scintillation counter to handle our tritium samples. We are now faced with 
the acquisition of an additional chemist because our original staff is far 
overloaded in view of the increasing amount of envirionmental monitoring 
found necessary. This will be intensified, of course, as activities involving 
nuclear fission increase in the area. 
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Assuming that monitoring capabilities are adequate, the question of 
standards is the next important consideration. Much work has been done in 
this area both nationally and internationally, and ther exists an abundance 
of highly technical reports related to the subject. What is sometimes 
tacking is interpretation in a way which will! make application of the 
standards practical as well as sound in the sense of protecting public health. 
This problem is being attacked from many angles and hopefully will yield to 
an adequate solution; however, it must be recognized that new scientific 
information is being accumulated at such a rapid rate that we will never have 
a set of standards which are not subject to revision as new evidence comes in. 


Differences of opinion with regard to standards are inevitable. This 
has been so throughout the history of environmental controls, and radio- 
activity could not be expected to constitute an exception. State and local 
health departments must rely heavily on the resources of the Federal 
Government and others in developing standards, but in the final analysis they 
must assume full responsibility for the precise levels of protection which 
are applicable to a given segment of loca! populations. Therefore, they 
cannot blindly accept standards which are handed down from some other agency, 
but must evaluate them thoroughly with whatever resources they can develop. 
One such resource in Utah is the Radiological Health Advisory Committee. This 
committee was appointed in Utah after the t962 incident, and is composed of 
well-known and highly respected experts in their fields. The committee's 
recommendations are respected and provide the Health Division with a factual 
and effective base for action. The committee acts as a clearing house for 
technical radiological health information and is responsible for recom- 
mendations to the State Board of Health on various points, including standards, 
operating surveillance and control programs. 


A foreseeable complication in the area of standards development is in 
the increasing number of ways by which human beings can be exposed to radio- 
activity. This grows out of the great usefulness of radioactivity both to 
science and industry, as previously mentioned, and the guarantee that under 
these circumstances inventive minds wil! be devising new applications con- 
tinuously. Standards are often based on exposure from a single source, 
and shielding and other requirements are based on the single-source, 
multiple-exposure concept. Not only are some states potentially exposed 
to nuclear testing as an important source of irradiation, but they must 
be continually concerned with multiple exposures in numerous radioactive 
devices which may come to be in almost constant use. This seems to suggest 
a need for rather comprehensive planning in the standards-setting process. 


The question of control action more often than not relates to contro!s 
over a rather specific use of radioactivity, as radiography, isotope use, 
taboratory experimental use, etc. In general, it can be said that good 
progress has been made in this area and controls so far adopted are achieving 
some success. In Utah, the word "control" conjures up a necessity of taking 
action with respect to use of foodstuffs, and possibly water, resulting 
from incidents which occur beyond the State's limits of jurisdiction, 
such as at the Nevada Test Site. In 1962, Utah found it necessary to 
actually apply certain controls to the use of milk, but the problems related 
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to that experlence wake us sensitive to the need for continual refinement 
of plans which will be brought Into effect in the event of another major con- 
tamination incident. 


!t must be recognized that If our monItoring capabilities are adequate 
and If the Information achleved through monitoring Is properly assembled 
and evaluated, the term "contro!" might possibly be extended to some efforts 
at curtallment of Plowshare types of testing. This question was never ser- 
lously cons{dered In connection with weapons testing, which have a strong 
defense connotation. It is obvious that it must be considered in all cases 
of peaceful application of nuclear energy. 


While this paper does not presume to determine the need for nuclear 
testing, weapons or Plowshare, nor to determine the validity of Its purpose, 
It does presume that once thls determination Its made to fulfill government 
policy, all effort must be devoted by the Federal government to protect the 
health of the public. 


Apart from the real dangers to the human population which radioactivity 
causes, there Is another question embodied In the term "public relations" 
which has great significance, not only In Utah but everywhere else in the 
country, and possibly In the world. Radioactivity Is a glamour subject, 
and has attracted wide attention, even on the part of the average citizen. 
Sometimes, besides belng fascinating, It Is as someone said, a little "scary", 
and this gives rise to problems which state health departments must face. 


A good and effective public relations program tn this area is absolutely 
essential under any clrcumstances, but It must have equal priority with con- 
trol action In the case of radioactivity, and particularly the type of 
radloactivity which originates beyond the State's borders as a result of 
planned action by man. 


The State and local agencies must be prepared to reassure the public 
that no hazard exists Just as often as they must be prepared to take control 
action. Sometimes the most Innocuous release in the press about the exist- 
ence of radioactivity In any concentration wil! evoke a strong public reaction 
which needs to have a counter reaction by responsible officials. At no time 
should the public be fooled about the true facts, but obviously, when no 
hazard exists, the State agency should be In a position to state this fact 
unequivocably and with solid backing from scientific measurements. This is 
one of the major reasons for the extensive monitoring and laboratory capa- 
bllities already mentioned. 


This problem also requires some expertise in dealing with the press, 
which agalIn devolves on the State and local officiais. Even the best scien- 
tific Information can be quoted Incorrectly and produce a near public panic 
as the result of misInterpretation. Obviously, much energy should be 
directed toward the prevention of such misinterpretation. 


One ald in connection with these problems could come from detailed 
knowledge which might be available with regard to planned tests. In the 
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past certain tests of necessity were shrouded In secrecy, and release of 
advance Information even to State officials was possible only to a very 
limited degree. As testing becomes more complicated, It becomes more and 
more necessary that State officials have complete detalls of ptanned tests 
prior to the event, In order that monitoring and other activities can be 
geared to meet the needs. If release of such Information to these officials 
requires security clearance, this should be provided automatically, after 
the necessary checks, of course, to Insure adequate security. I+ seems 
ITkely that no one can provide all of the comp!icated monitoring needed If 
thera Is no hint as to the specific isotopes which are likely to be pro- 
duced. Again, as Important as this knowledge is to those conducting the 
tests, It [s equally Important to State and local officials who have the 
respons! bIIIty of protecting the citizenry within their Jurisdictlon, and 
of avolding misinterpretations of Information which could lead to panic 
or other undesirable results. 


An aspect of the overal! problem which needs more emphasis Is the iso- 
lation of natlonal decision-making from state and local concern and 
responsibility. It seems untikely that a Federal Agency making a decision 
whether or not to conduct a test program can have the same sense of re- 
sponsibillty to a specific population group as a state or local health officer 
who has to cope with the results of that decIslon. At the State fevel, the 
health agency has almost dally contact with many of the people who may be 
involved In any adverse developments, he has almost dally contact with 
industry officials who might be Involved, such as the datry Industry, and 
he is going to be held more directly accountable for any adverse effects of 
the decision-making process. Involved here, of course, Is the public 
relations problem previously mentioned, but It Is not a matter alone of 
public relations. 


The day-to-day decisions of the State health officer are put to test 
in a practical sense and reacted to more promptly and directly than can 
ever be the case for a simifar officlal at Federal jevel. Even If the 
State official desires to hide behind tm curtain of Federal standards and 
responsiliblty, he cannot long exist in this position. Sooner or later, 
he will have to face up to his responsibilities or turn his task over to 
someone who witl. The point [is that the State health officer or his author- 
Ized representative must be directly Informed of al! pertinent data of any 
testing program which may distribute radioactivity over the State area. 


This, of course, raises the question of who shal! bear the costs of 
added survelllance and control procedures. Some basic monitoring costs are 
the proper responsibility of state programs, but It seems logical that the 
Plowshare program, belng essentially of a research and development nature, 
should absorb most of the cost imposed on States for radiation monitoring 
related to this program, and also of the associated control. 


As has been mentioned previously, the cost of monitoring can become a 
major Item for a state, and could be completely beyond state capabilities. 
This will vary with each state. Currently, however, few states, if any, 
are adequately prepared. Nevertheless, if the hazard is Imposed by decIslons 
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to aid society through development of new processes, those responsible for 
the. decision should see to it that states have enough resources to provide 
the basic essential monitoring, and to expand it as necessary to meet new 
needs, whether these develop from expanded uses of radioactivity or from 
advances in knowledge which dictate greater sophistication in monitoring and 
analysis capabilities. This need will continue to vary with the States. It 
is-most critical for Utah because the State is both relatively small and its 
location is readily subject to effects from the testing programs. 


Other costs, which hopefulfy can be avoided, but which still must be 
considered as possibilities, relate to control action found necessary when 
food or water become contaminated beyond acceptable use levels. Utah's 
1962 Incident was estimated to resutt in total cost to industry of about 
$80,000 and total cost to government, beyond normal activities, of about 
$37,000. Compared to the high cost of testing such an explosive, these costs 
are small, but for states of smatl population these are jarge, and much more 
so when repeated and when added to other related costs zaczh as monitoring 
and laboratory services. Deliberate planning to experiment with peacetime uses 
of atomic energy certainly should include a positive plan to pay such costs, 
however large they may become. Acceptance of this philosophy might succeed in 
transferring some of the direct responsibility mentioned previously from 
local to national level. 


Another cost considered to be an essential part of the activities under 
discussion, although not exclusively attributable to them, is that of 
research. Not only Is basic research involved, but also some apptied 
research as it relates to the eco-system and the long-term results of smat! 
deposits of radioactivity in the environment. These smal! deposits cannot 
be considered immediate hazards under any circumstances, and yet they might 
eventually be serious hazards, particularly when they involve isotopes with 
long half-lives. 


A research program to investigate all aspects of this problem cannot be 
simple and certainly will be costly. Most of this research is already being 
done, but again, Utah's peculiar relationship to the testing area seems to 
argue for an even more complete effort in this particular area, as well as 
projected research activities for a long time in the future. While we are 
emphasizing Plowshare activities at this Symposium, it is not too late to 
also emphasize the need for support of research activities already underway 
or that should have been undertaken as a part of the weapons testing program. 
!f this Is not accepted In advance, it may prove difficult to accomplish 
afterwards. For example, the Utah-Nevada-Arizona fallout study was initiated 
after the event of 1962. This year we are finding great difficulty in 
continued flnancing for a series of reasons none of which we in Utah are 
able to accept. Such research should not exclude the development of better 
methods of monitoring as well as devetopment of contro! methods which might 
some day become necessary. 


Again, as mentioned previously, the allocation of this type of cost to 


the Plowshare program shoutd be done with the full realization that it may 
lead to decisions to curtail the testing program. Certainly this is not too 
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much to ask in the interests of not only the population In Utah but popula- 
tions through the country and possibly the world. 


It should also be mentioned that there are stil! wide gaps in our knowledge 
covering the direct short-term effects of radioactivity on man. This became 
evident when we were pressed for decisions about how high atmospheric levels 
could get and for how long before we would declare a crisis and Instruct the 
public on special protective actions. Existing standards relating to this 
matter simply are inadequate to be of real practical value. At least, In Utah, 
| believe we would take control action at lower levels of exposure than the 
current standards seem to suggest. While it may be true that some of the re- 
search in this area needs to be financed by other agencies, it again seems 
logical that the Plowshare program needs to be given rather direct responsi- 
bilities of this nature. 


While thls paper has given emphasis to radiation hazards by fallout, this 
is because of our past experience. We must now also be concerned with selsmic 
events. To this end the Atomic 
Energy Commission and Public 
Health Service need to confer 
with the states now so that a 
full understanding of the scope 
and possible effects of such 
testing will develop. 
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QUESTIONS FOR G. D. CARLYLE THOMPSON 


From Hat Muel ter: 


Was any lodine-!3! detected in cow's milk by your network as a re- 
sult of the December 1968 detonation? If yes, how much and where? 


ANSWER: 


No 


From Mr. Phelps: 


Eariler In the symposium, it was stated that the Director, State Health 
Department, Utah was Informed about the cloud trajectory and radio- 
nuclide composition with regard to Plowshare cratering events. Do 

you Inform other groups (l.e., the University of Utah Radioecology 
Program) of the posslbility of fallout and Its probable deposition 
pattern? 


ANSWER: 


This has been a changing matter because In the beginning the Informa- 
tion we recelved was restricted to our own official use. This was not 
shared. Later on as we got Information that could be shared, we did 
so. Because agaln the classification of this Information we got was 
not fully understood. | think the differences that have arisen have 
resulted In clarification. | understand now that the information 

that we are going to recieve, we will be able to share. | can't say 
that Is going to be the case though, because | haven't received the 
Information yet In regard to some of the future tests. ! think there 
have been some places for misunderstanding In Utah on this very point. 


From Walt Kozlowskl: 


You mentioned "unacceptable hazards," would you describe some hazards 
which would be "acceptable?" 


ANSWER: 


Well, | think this gets back to the discretion of the designer to 

learn how much radfation imposed on the population Is really neces- 
sary. This Is the old discussion of what is necessary. From our 
standpolnt, we don't belleve that radiation coming to Utah Is an 

area over which we have direct control. If it is determined to be 
necessary by national policy then we need to have the information 
available to monitor and to take corrective action should It arlse. 

| presume that if the predictions that we are golng to get were indi- 
cative of high level fallout, we would protest It. [| have a committee, 
though, which !'m sure would meet to discuss this point. The committee 
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already has adopted a policy about which | testified before the Joint 
Committee on Atomic Energy and responded to the fact that we didn't 
ITke the new standards and therefore we would use our own judgment 

In these standards. So | don't belleve | can answer that question 
anymore precisely than to deal with It In the nature of the event, 
should It occur, and we would probably have to look at It and make 
our own judgment. 


From Walt Koz!owskl: 


Who are some of the well know experts on the radiological health 
advisory comnittee? 


ANSWER: 


We have two practicing radiologists, we've had a recent change because 
of Illness, but at all times these men have been highly respected In 
their fleld In the state of Utah. We have had some health physicists. 
Wa've had some men from Industry. We have the leading physicists from 
our three large universities. We have nine people - | don't know if 

| have covered them al! or not. 


From Dr. Pelletier: 


How many alr sampling stations do you think It is necessary to have 
In Utah to assure your people that they were not exposed to the cloud 
of a given event? 


ANSWER: 


This Is a question the legislature asks me every time ! go for money, 
As long as we don't have any event, they think we don't need the sta- 
tions. We didn't have any trouble thls year after the December event. 
Actually, the stations which we operate are partly owned by us and 
partty owned by the Public Health Service which we operate, and some 
of them, of course, are usIng different types of Instrumentation for 
which we are getting comparative results. But | would think we would 
need about what we now have and if we maintain this, we would be able 
to determine the fallout In any movement from outside the state. | 
don't believe every state would need the coverage we have as they 
move farther away from the Test Site. 


From Robert Karsh: 


The Dugway CBW Incident tast year made it apparent that the state of 
Utah did not get advance information of what was belng tested on 
March |3. Are you now getting this advance Information In the radlo- 
active field? Minnesota is now concerned with the possIbillty and 
legality of state rules more stringent than those of the AEC. Does 
Utah foresee this? 
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ANSWER: 


Just to clarify that first part of the question, | believe we are now 
involved in being informed from Dugway about ail of the events that 
occur there. Heretofore, we were only Involved in the biologica 
events, not the chemical events. We were also involved in the beryl- 
(fum events at Dugway. But the setup which is now in operation is 
the same for chemical events as for blological events, With respect 
to the radiation aspect, we haven't had any event since December, but 
t have been assured that we will be fully informed of anything that 
we need and we are having some of our staff visit the Southwestern 
Radiological Health Laboratory for technical consultation with regard 
to sharpening our capability on our own instruments with respect to 
some of the isotopes that have been mentioned here in this conference. 
We do use the Southwestern Radiological Health Laboratory, of course, 
for reference for specimens on a number of things and we split speci- 
mens with them. | might also say, going back to the former question, 
that one of the reasons we are able to operate these stations as eco- 
nomically as we are because we locate them in connection with our air 
pollution program for other air pollutants and so we are able to have 
a separate device while the man power is common. The daily changing 
and checking of motors and pads and testing samples is done by the 
same person in multiple areas. This reduces the cost substantially 
to what you would have to do if you were just operating a fal lout 
network as we were originally. 


(Second part of question.) { think we have already given indication 

to that answer by indicating how our own rad health advisory committee 
reacted to the new FRC standards when they were adopted a few years ago 
and prepared the statement which | used to testify before the Committee. 
When the chairman of the Committee asked me who was going to apply the 
standard in Utah, he said, "Aren't you?" and | said, "Yes, we are,” 

and he said, "Well, that's the answer to your question." So | presume 
we will apply the FRC standards in our own way In Utah; if that's 
writing a Utah standard why it wil! have to be a Utah standard | guess. 
It does pose a problem and that's what | said in my paper: that | 

think we have to have some full discussion of these standards. As you 
remember back in those days it was said that you were changing the 
rules of the bal! game just as you are about to score a touchdown and 
there is some bad reaction to that in several of the states. | wouldn't 
be surprised if Minnesota is one. 


From John Martin: 


To what extent does your state health safety program on radioactive 
fallout exposure cooperate or collaborate with focal universities and 
private industry researchers? 


ANSWER: 


t don't know of any private industry researchers In this area in Utah. 
There are some in the universities and |'m sure | can say that the com- 
munication can be improved in this respect. 
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THE PHILOSOPHY 
BEHIND THE FEDERAL RADIATION COUNCIL GUIDES 


Paul C. Tompkins, Executive Director 
Federal Radiation Council* 


ABSTRACT 


The baste philosophy of the FRC in making recom- 
mendattons for the control of radioactivity associated 
with normal peacetime operations is given in FRC re- 
port Ll. Radtation Protection Guides for application: 
to activities such as Plowehare would be derived on 
the basia of this philosophy. Considerations involve 
a batance of benefit versus risk for each Plowshare 
activity that ts proposed for industrial application 
using potential exposures small in comparison to the 
baste guide of 0.17 rem per year as the primary ref- 
erence conditton. 


Alternate approaches to achieving an appropriate 
balance have been suggested. These include alloca- 
tion of a fraction of the 0.17 rem per capita per 
year to each relevant activity; setting a universally 
applicable MPC for each nuclide of intereat, and the 
concept of the dose commitment. Data to show the 
benefit in terms of the national need for the re- 
source in question (e.g., gas production) and the 
risk as indicated by the amount of residual radio- 
activity te a prerequisite to setting guidance for 
using Plowshare techniques in conjunctton with con- 
sumer products available to the general public. 


Lr | 


It is a privilege for me to have the opportunity to dis- 
cuss with you today the general philosophy of the FRC in the 
formulation of basic guidance in radiation protection for use 
in Federal agencies. In order to gain an appreciation of the 
general philosophy used by FRC, I should start with a descrip- 
tion of how the FRC operates and the general nature of some 
of its principal recommendations. Formation of the FRC re- 
sulted from a government-wide review of radiation protection 
responsibility conducted in 1959 by the Director of the Bureau 
of the Budget, Chairman of the Atomic Energy Commission, and 
the Secretary of the Department of Health, Education, and 
Welfare. The decision to conduct such a review was in response 
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to the public confusion and concern over fallout hazards 
associated with atmospheric testing of nuclear weapons, and 
the fact that there appeared to be no single agency within 
the executive branch of the Federal Government responsible 
for the formulation of radiation protection guidance. 


The study group concluded that, under the prevailing 
scientific assumption that any exposure to ionizing radiation 
is associated with some risk of causing harmful biological 
effects, the derivation of basic guidelines for radiation 
protection involves reaching a balance between total health 
protection, which can be achieved only if there is no radia- 
tion, and the benefits from activities causing the exposure. 
This balance in turn involves health, economic, social, and 
ethical considerations of such a nature that the person or 
persons making the decisions represented by that guidance 
should be publicly accountable. No single agency could be 
found with the appropriate breadth of responsibility and juris- 
diction, and it was recommended that the President be advised 
by a Federal Radiation Council on radiation matters directly 
or indirectly affecting health, including guidance for Federal 
agencies in the promulgation of operating radiation protection 
standards, and in the establishment of programs of cooperation 
with the States. 


The President accepted this recommendation and created 
the FRC by Executive Order 10831, August 14, 1959. The Council 
was made statutory in September 1959, by an amendment to the 
Atomic Energy Act of 1954 - PL 86-373 (section 274h). 


The Council now consists of the Secretary of Health, 
Education, and Welfare (designated by the President to serve 
as Chairman); Chairman of Atomic Energy Commission; Secretaries 
of Defense; Commerce; Labor; Agriculture; and Interior. The 
Special Assistant to the President for Science and Technology 
also serves as an adviser to the FRC; he has always taken a 
strong interest in the activities of the Council and has been 
quite influential in the formulation of many of the basic 
guidelines that have been adopted. 


Administratively, the FRC is treated as an independent 
agency. Staff members are employees of the Council and are 
independent of any operating agency. For example, we prepare 
and submit our budget directly to the BOB and appear before 
the Congressional appropriation committees just as all other. 
agencies. The heart of the FRC operation is vested in its 
Working Group. Members of the Working Group are senior tech- 
nical representatives appointed by the various Council mem- 
bers to convey to the FRC staff the agency interest and views 
in matters being developed for consideration by the Council. 
When the Council is engaged in a specific project, the work 
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is conducted by means of task groups of technical people in 
Government, and when appropriate, consultants from the scien- 
tific community, representatives of State agencies, industry, 
and labor. The law states: "The Council shall consult qualified 
scientists and experts in radiation matters, including the 
President of the National Academy of Sciences, the Chairman 

of the National Council on Radiation Protection and Measure- 
ment, and qualified experts in the field of biology and medicine 
and in the field of health physics." We accordingly have a 
contract with the Academy to support an advisory committee 

to the FRC, and a contract with the NCRP to review in depth 

the biological and physiological models used by the FRC in 
developing its guidance for strontium-89, strontium-90, and 
cesium-137. 


A sincere effort is made to get unanimous agreement on 
recommendations going to the President, because upon approval 
by the President and publication in the Federal Register, 
these recommendations become official guidance for Federal 
agencies. If there is a controversy (and this happens quite 
often), the basic issues are isolated with the assistance of 
the WG and various alternatives are considered. Attempts are 
then made to resolve the differences by appropriate meetings 
of officials directly below the Secretary level to reduce to 
a minimum the unresolved issues that must be solved by the 
principals themselves. The basic philosophy of the FRC is 
given in FRC report 1 and is similar to that of the NCRP and 
also that of the International Commission on Radiological 
Protection (ICRP). All three organizations have made it clear 
that their guidance deals quite differently with two distinct 
conditions of exposure: (1) in which the occurrence of the 
exposure is foreseen and can be limited in amount by control 
of the source, and by the development of proper operating 
procedures; (2) in which the particular exposure is accidental 
(i.e., has not been planned) and which can be limited in amount 
only, if at all, by remedial actions. 


In 1962, the FRC explained the distinction between these 
two types of exposure conditions when it took the position 
that its Radiation Protection Guides (RPG) in FRC report 2 
should not be used to determine when remedial action to reduce 
or limit the intake of iodine-131 from atmospheric testing 
of nuclear weapons should be initiated. It pointed out to 
the JCAE that the RPG's were originally developed for appli- 
eation as guidelines for the protection of radiation workers 
and the general public against exposures that might result 
during normal peacetime operations in connection with the 
industrial use of ionizing radiation. The term normal peace- 
time operation referred specifically to the peaceful applica- 
tions of nuclear technology where the primary control is placed 
on the design or use of the source. Since the numerical values 
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and the guides were designed for the regulation of a con- 
tinuing industry, they were necessarily set so low that the 
upper limit of Range II, as shown in FRC report 2, is con- 
sidered to fall well within the levels of exposure acceptable 
for a lifetime. Furthermore, to provide the maximum margin 
of safety, the upper limits of Range II were related'to the 
lowest possible level at which it was believed that nuclear 
industrial technology could be developed. 


These guides for normal peacetime operations are not 
intended to be a dividing line between safety and danger in 
actual radiation situations; nor are they intended to set a 
line at which protective action should be taken, or indicate 
what kind of action should be taken. There is, of course, 
an essential difference between environmental radioactivity 
resulting from a long term permanent industrial operation and 
that related to intermittent production from individual wea- 
pons tests or series of weapons tests. With the former, it 
is predictable that introduction of radioisotopes into the 
environment will persist at a known rate throughout the life 
of the source. On the other hand, weapons tests are sporadic 
in nature and the radioactivity produced will rise at the time 
of testing and decline at various rates for different isotopes 
after conclusion of a test or series of tests. As applied to 
an intermittent source, such as fallout from weapons testing, 
average annual intakes of radionuclides equivalent to the 
RPG's for normal peacetime operations should be used as an 
indication of when a need for detailed evaluation of possible 
exposure hazards and a need to consider if any protective action 
should be taken under all the relevant circumstances, including 
the probable continuity or repetitiveness of the activities 
leading to the release.of the radionuclides to the environment. 


There is substantial agreement between the ICRP and the 
FRC philosophies in guidance applicable to industrial prac- 
tices, fallout from atmospheric testing of nuclear weapons, 
and accidental release of radionuclides to the environment. 
However, there is a substantive difference in the two philos- 
ophies regarding the applicability of the numerical values 
for RPG's. In its report 9, the ICRP said: "Accordingly, 
any dose limitations recommended by the Commission refer only 
to exposure resulting from technical practices that add to 
natural background radiation. The dose limitations are there- 
fore intended to include such exposures as those that result 
from mining, from flight at high altitudes, or from the pres- 
ence of radioactive materials such as radium, uranium, or 
thorium in concentrated form." 


The FRC philosophy as applied to such technological 
practices as mining and high altitude flying is encompassed 


in two recommendations in FRC report 1. The applicable para- 
graphs read: "There can be no single permissible or accept- 
able level of exposure without regard to the reason for per- 
mitting the exposure. It should be general practice to reduce 
exposure to radiation, and positive efforts should be carried 
out to fulfill the sense of these recommendations. It is 
basic that exposure to radiation should result from a real 
determination of its necessity. 


"There can be different Radiation Protection Guides with 
different numerical values, depending on the circumstances. 
The Guides herein recommended are appropriate for normal peace- 
time operations." As we have interpreted the Radiation Pro- 
tection Guides in report 1, mandatory extension of the numerical 
values in that report is not necessarily appropriate and each 
activity of this type may be considered separately and on its 
own merits under the FRC philosophy. As a matter of fact, on 
the basis of competent scientific advice, the FRC has already 
set aside mandatory application of the RPG approach in deriving 
its recommendations for radiation protection associated with 
underground uranium mining. The guidance in this case is 
derived from an evaluation of the epidemiological information 
derived from the DHEW study of lung cancer rates in uranium 
miners as related to exposure expressed in a unit called the 
Working Level Month. 


In common with the practices of the NCRP and ICRP, we 
accept the concept that there is no threshold in the relation- 
ship between exposure to ionizing radiation and the possibility 
of causing adverse biological effects. We also accept the 
concept that this relationship is monotonic; that is, the 
probability of causing a harmful biological effect increases 
with the radiation exposure. As do most professional bodies 
concerned with deriving appropriate practices involving radia- 
tion protection, we utilize many of the principles derived 
from the assumption that the relationship between radiation 
exposure and the probability of causing harmful biological 
effects varies linearly with the radiation dose, although we 
recognize that such a cause-effect relationship is not true 
in the real world. Acceptance of the linear hypothesis pro- 
vides a basis for deriving an appropriate course of radiation 
protection, but it by no means implies that the FRC accepts 
this relationship as a fundamental law of nature. 


The concept that guidance for radiation protection in- 
volves reaching a balance between the benefits derived from 
the activities causing radiation exposure and the risk result- 
ing from radiation exposure has led to the development of 
several different ways of examining both the benefits and the 
risks. Acceptance of the linear hypothesis as a basis for 
the development of radiation protection guidelines and practices 
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permits the conclusion that the total risk increases with the 
total man rems regardless of how these man rems may be dis- 
tributed among various individuals in the population at risk. 
However, when there is a choice we usually consider that a 
very small change in incremental exposure per individual, even 
though it may affect a larger population, is preferable to 

a course of action that would limit the population at risk 


at the cost of a sharply increased radiation dose per indi- 
vidual. 


A significant concept that has grown in the FRC is that 
reduction in risk is correspondingly achieved by a reduction 
in total man rems and cannot be achieved by simply spreading 
the same exposure over a larger number of people. This con- 
cept has been influential in the distinctions drawn by the 
FRC in developing its Protective Action Guides (PAG) for coping 
with uncontrollable exposures. An extension is the view that 
a particular radiation environment considered unacceptable 
for one person should also be considered unacceptable for all 
persons. The guidance developed for categories 2 and 3 in 
FRC report 7 resulted directly from this concept. For example, 
category 2 is concerned with the transmission of strontium-89, 
strontium-90, or cesium-137 to man through dietary pathways 
other than through milk during the first year following an 
acute contaminating event. This involves the use of feed crops 
for animals, including dairy cattle, and plant products used 
directly for human consumption. The intent of the guidance 
for category 2 is that the purpose of protective action is to 
prevent unacceptably contaminated produce from entering the 
market. The population at risk may be hypothetical and the 
PAG for these nuclides and crops assumes all of the crops are 
utilized in the immediate local area. If the contamination 
level is unacceptable, as derived in this hypothetical case, 
major contributors to the potential intake should be prevented 
from entering the market. 


Application of the linear hypothesis is also fundamental 
to the concept of the dose commitment as first developed by 
the United Nations Scientific Committee on the Effects of 
Atomic Radiation. The dose commitment in this case may be 
defined as the mean population dose per year of practice, and 
has been used to evaluate the relative risk associated with 
activities as divergent as fallout from atmospheric testing 
of nuclear. weapons and the significance of radiation exposure 
associated with medical practice. 


Of the various ways in which the risk side of the pro- 
jected balance may be evaluated, the FRC prefers to examine 
the dose commitment in relation to the basic RPG's as given 
in FRC report 1 and against the average dose rate associated 
with natural background radiation, as well as the range of 
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dose rates occurring naturally in various occupied parts of 
the world. These relations allow one to gain some perspective 
on the significance of the practice or proposed practice in 

a way that allows for qualitative as well as quantitative 
ignorance of yet unrecognized radiation effects, and automatic 
weighting for various somatic effects, as well as genetic 
effects. 


There is no known way by which the benefit side of the 
balance can be quantitatively evaluated in a manner made pos- 
sible on the risk side through utilization of the linear hy- 
pothesis. The FRC has not adopted the often made suggestion 
that it should pro-rate the basic guide of 0.17 rem per capita 
per year on the basis of relative benefits, so that the sum 
of dose commitments from all activities would not exceed the 
basic RPG. We find this "pie cutting" approach objectionable 
for several reasons. The first is that the approach presumes 
clairvoyance regarding various applications, not now visualized, 
and the benefits that might be presumed to accrue from them. 
The second is that the RPG is not a dividing line between 
safety and danger so that simple compliance with the RPG 
itself is not an a priori justification for the degree of 
control exercised. Another reason is that both control capa- 
bility and national need for the activity may be expected to 
change with time. Continuous review of national needs, as 
well as keeping estimates of dose commitment under surveil- 
lance, appears a more appropriate way to approach formulation 
of Presidential policy guidance concerned with activities re- 
sulting in human exposure. 


The FRC has not developed radiation protection guidance 
with the specific application of the peaceful uses of nuclear 
explosions in mind. Under the FRC philosophy it is doubtful 
that a single numerical criterion applicable to all potential 
applications of the Plowshare type would be meaningful. Each 
application such as nuclear excavation, gas stimulation, and 
metal extraction from low grade ore involves such a diversity 
of benefits and potential dose commitment that a single number 
applicable to all would, at this time, appear to be meaningless. 


The Plowshare Division of AEC in its cooperative research 
program with the Department of the Interior and industry is 
developing quantitative information on the radionuclides pro- 
duced, what nuclides appear in the consumer product and in 
what quantities, and information on the distribution of the 
consumer products. An important part of this “source term" 
is the average release rate of nuclides such as T and ®'Kr 
to the environment per unit of time. From the laws of radio- 
active decay, the environmental burden will stabilize when 
the number of radioactive atoms decaying per unit time in the 
environment equals the amounts added to the environment during 
the same unit time. 
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Since both T and ®'kr are by-products of other activities 
such as the nuclear power industry, it would appear appropriate 
that the addition of these nuclides from Plowshare activities 
be small compared to the total environmental burden from all 
activities. In addition to technical considerations, both 
legal and political considerations may become involved. For 
example, petroleum products -with a higher than natural T/H 
ratio may be used for the manufacture of other products. If 
these uses result in the hydrogen being incorporated into food, 
the interpretation of the Delaney amendment by the Food and 
Drug Administration would have to be resolved within the FRC 
as an integral part of its guidance. 


In summary, the development by the FRC of guidance ap- 
plicable to activities such as the Plowshare program would 
involve an estimate of the dose commitment that might be in- 
volved, an evaluation of the national need for the resources 
that could be made available from the program plus possibly 
some legal and political considerations that could influence 
the particular form the guidance might take. 
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QUESTIONS FOR PAUL TOMPKINS 


From Walt Kozlowski: 


At what specific levels do you expect the environmental burden 
to stabilize? Upon reaching these levels, be they safe or unsafe, 
would it then become necessary to shut down the radiation sources? 


ANSWER: 


Well, in order to answer that question, | would have to make more 
assumptions than | am willing to make. First of all, you would 
have to pick the nuclide, you would have to pick the specific 
disposal type, and so forth. This will give a different answer 
for practically any nuclide you want to mention and | have not 
had occasion recently to do a check on the total environmental 
burden of certain nuclides, so | don't think | could honestly 
answer at what level | would expect any of these nuclides, such 
as krypton-@5 for example, to stabilize. As $ indicated, when 
you are putting in more than will be removed by decay, the level 
wil! increase. When you are putting in less than wi!l be removed 
by decay, the level will decrease. The point ! tried to make 

was in an activity such as Plowshare where it is a repetitive 
program and this wilt involve the release of certain known 
quantities of radionuclides, these levels, based on the frequency 
and the quantities, can be predicted, and one can get an advance 
fix on the potential dose commitment. But | would have to have 
the data on the number of shots per year, the number of ki lotons 
per year, the fractions of these kilotons or megatons or whatever 
it ls that is fission versus fusion fuel and then perhaps | could 
answer it. 


With regard to the second part, our philosophy in so far as it is 
possible is to anticipate. The question of shutting down radiation 
sources is not the kind of question that the FRC would attach a 
number to. The concept involved there is that you are dealing 

with a danger line of go, no-go sort of operation. This may be 
appropriate for certain legal or regulatory applications which | 

am not capable of talking about, but certainly on a policy level 
within the Federal government it would certainly not be approached 
in this manner. 


From Robert Karsh: 


You have made crystal clear that when you weigh benefits against 
risks, everything depends upon what you put in the balance pans. 
How do you decide when national security and public welfare go 
into the same pan or into opposite pans? 
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ANSWER: 


Well, | would answer that in two ways also. The requirements of 


national security are in a pan all by themselves. I think it 
is obvious that the nation will do things where it feels that 
its national security is at stake that it would not tolerate 

for a lesser reason. | have been personally of the conviction 


that weapons testing was never started because it's safe, that 
is not true, nor was it stopped because it's overly dangerous. 
The real reasons were political, strategic--many, many factors. 
But whenever activities involving the national security are done 
because of national security, there is quite often a risk side 
to that particular activity. Now, with regard to industria} 
applications, or sources that would also be sources of exposure-~~ 
Plowshare, for example. There the benefit has to do with social 
development, the real need for power, the real need for the re- 
source and, as | indicated, we cannot put a quantitative state- 
ment on that. In the last analysis, it becomes a high level 
political judgment as to when and how these two things come into 
coincidence. 


From George Anton: 


Please remark on the future of the benefit versus risk philosophy. 


ANSWER; 


| think as a philosophy it is probably not only going to remain in 
force, but will in fact be extended to many new activities, many 
environmental contamination problems that have not yet quite been 
so formally examined in this particular way. As a concept, | think 
it has a tot to offer. It has very strong deficiencies in making 
it easy to apply in a systematic way to a wide variety of con- 
ditions. Conventions for balancing benefit-risk in radiation or 
in any other activities are simply not as mathematically firm 

as the ICRP approach to computing the appropriate MPC's and so 
forth. 1 don't know if this really answers your question, but 

if your notion is that a different or more formal philosophy 

might replace it, | rather doubt it. 
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ABSTRACT 


The intent of thie paper ia to review several of the 
baste concepts of radiation protection (with emphasts on 
internal dose) currently recommended by the International 
Commiasion on Radiological Protection (ICRP), to summarize 
the aesumptione and methods used in the calculation of in- 
ternal dose, and to illuetrate by example the practical 
application of the pertinent guidelines. 


Two broad subject areas are considered: (1) standards 
of radiation protection and (2) bases of internal dose es- 
timation. Topice discussed within the framework of radiation 
protection standards include maximum permissible dose, 
categories of radiation exposure, maximum permissible dose 
commitment, simultaneous internal and external exposure, 
multiple organ exposure, and stae of the exposed group. 
Discussion of internal dose estimation is limited to selected 
items that include the body burden of radionuclides and the 
calculation of absorbed dose, the dose equivalent, the 
derivation of maximum permissible concentration (MPC), the 
relationship of stable element intake to the MPC, and short- 
term and chronic exposure situations. 


INTRODUCT | ON 


The International Commission on Radiological Protection (ICRP) is an 
Internationally recognized authority which sets values of maximum per~ 
missible exposure to ionizing radiation. Various national organi zations 
serve a similar function in their respective countries, and in the United 
States this includes the National Council on Radiation Protection and 
Measurements (NCRP) and the Federa! Radiation Counci! (FRC). The re~ 
latively minor differences In the recommendations of these organi zations 
concerned with limits of permissible radiation exposures seem to reflect 


*Research sponsored by the U. S. Atomic Energy Commission under contract 
with the Union Carbide Corporation. 
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differences in the publication dates of their respective recommendations. 
Information contalned in this paper is drawn principally from publica- 
tions of the ICRP and NCRP and from selected interpretative writings of 
those who have served on committees of these organizations. 


RADIATION PROTECTION STANDARDS 


Recommendations of the ICRP are intended as guides to those respon- 
sible for radiation protection and not as codes of practice or tegal reg- 
ulations. These later concerns are rightfully the prerogative of national 
authorities. The application of radiation protection standards Is Intended 
to prevent acute radiation effects and to limit to an acceptable level 
the risk of such late effects as leukemia and premature aging. 


Maximum Permissible Dose 


The basic recommendations of the Commission are In terms of radiation 
doses to the whole body or to particular organs of the body. From these 
radiation doses are derived maximum permissible body burdens, maximum 
permissIble Intakes, and maximum permissible concentrations of radio- 
nuclides. 


To some extent, exposure to any ionizing radiation entails a risk; 
but at permissible dose levels, this risk is believed to carry a negligible 
probability of severe somatic or genetic injury to an individual exposed 
over a long period of time. Any severe somatic injury, such as leukemia, 
would be limited to an exceedingly smal! portion of the exposed group. 
Thus, it probably would be necessary to study large groups of individuals 
and use statistical methods to detect any effects at the level of the 
permissible doses. Faced with this difficulty, the ICRP has assumed the 
"linear hypothesis" - i.e., that risk is, to a first approximation, pro- 
portional to dose. Although confirmatory proof is lacking, this 
assumption is betieved to be, if not accurate, on the conservative side. 


The maximum permissible dose (MPD) is then established in light of 
current knowledge and attempts to balance as far as possible the risk of 
the exposure against the benefit of the practice. Also considered is the 
possible danger involved in remedial! actions once the exposure has 
occurred. The Commission's recommended maximum permissible doses are 
appropriate for those situations in which the levels of radiation or radio- 
active contamination can be controlled. 


Concern is expressed by the Commission for the total intake of radio- 
nuclides by individuals in varlous applications of radloactive materials 
to be expected in the future expansion of atomic energy and for single 
types of population exposure that might take up a disproportionate share 
of the total permissible dose.°*»" "The use of the term critical has here 
been extended to describe nuclides, articles of diet, and pathways of 
exposure which deserve primary consideration as being the mechanisms of 
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principal exposure of individuals." Clearly, it is necessary to consider 
multiple sources of potential radiation exposure in planning for the growth 
of peaceful uses of nuclear energy. 


Exposure of Occupational Workers 


Two changes have been made in the maximum permissible dose rate 
recommended for occupational exposure. In 1934, the ICRP adopted a maxi- 
mum permissible dose rate of 0.2 R/day (or 1 R/week for a 5-day work week) 
for total body exposure. © This level was subsequently reduced to 
0.3 rem/week in 19507 and to 5 rem/year (or 0.1 rem/week) in 1956. 
Reductions in MPD did not result from positive evidence of damage due to 
the use of the earlier permissible dose levels. Rather, consideration 
was given to the lack of evidence to prove that a threshold dose existed 
below which no genetic or somatic damage would result and to the prob- 
ability of a large future increase in radiation use as the nuclear industry 
expanded. The intent was to limit the genetically significant radiation 
exposure of the populatign and the probablility of somatic injury by 
reducing lifetime doses. 


Vatues of maximum permissible dose are applied to both external and 
Internal exposures. The present maximum permissible dose equivalents* 
as recommended by ICRP for occupational exposure are summarized in Table 1. 
Values recommended by NCRP, FRC, and the Internationa! Atomic Energy 
Agency (IAEA) ar@ listed for comparative purposes.!9,11 The formula for 
accumulated dose, 5(N-18), where N is the individual's age in years, is 
Intended to provide some flexibility in occupational exposure situations 
when the need arises. Considering the 13-week permissible exposures 
(Column 2) where the formula applies, it is seen that 12 rems could be 
accumulated in one year. However, al! four authorities emphasize that 
workers who have accumulated a dose higher than that permitted by the 
formula should not be exposed at a rate higher than 5 rems/year until 
the accumulated dose is lower than that permitted by the formula. The 
formula implies that occupational exposures should not be permitted for 
individuals whose age is less than 18 years. However, in cqyntries where 
this occupational age restriction Is not limiting, the ICRP'“ and the 1AEA'3 
recommend that exposures to the whole body, gonads, blood~forming organs, 
and lenses of the eyes should not exceed 5 rems in any one year; and the 
accumulated dose at age 30 should not exceed 60 rems. 


Columns 3 and 4 of Table 1 indicate that not all agencies have recom- 
mended specific values in each case for the annual and accumulated occu- 
pationa! dose. However, with the exception of the lens of the eyes, there 
are no differences in the recommended values. The ICRP Increased the 
limits for the lens of the eyes to 15 rems/year and 8 rems/13 weeks since 
the lens does not seem to assume greater importance than other tissue 
from X-, gamma-, and beta-radiations. !4,15 However, for radiation of 


*Dose equivalent (rem) = absorbed dose (rad) x modifying factors. For 


the sake of convenience, "dose" will be used hereafter instead of "dose 
equivalent." 
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Table 1. Recommended maximum permissible dose equivalents for occupational! 
workers. 


Maximum permissible 
dose equivalent 
(rem) 1 year 


Maximum dose equivalent 
(rem) in 13 weeks 


Accumulated dose 


Organ equivalent (rem) 


Red bone marrow 3 - 1,A,N,F 5 ~ 1,A,N 5(N-18) - 1,A,N,F 
Total body 3 - 1,A,N,F 5 - 1,A,N 5(N-18) = 1,A,N,F 
Head and trunk 3 - N,F 5 -N 5(N-18) - N,F 
Gonads 3 - 1,A,N,F 5 - 1,A,N 5(N-18) ~ 1,A,N,F 
Lenses of eyes 3 - N,F 5 - N,F 5(N-18) - N,F 
8- 1,A 15 - 1,A 
Skin 8-N 
10 - F 30 - 1,N,F,A 
15 - 1,A 
Thyroid 8-N 
10 - F 30 - 1,N,F,A 
15 1,A 
Bone 15 - 1,A 30 ~ 1,N,A 
Hands, forearm 25 - F,N 75 - 1,N,F,A 
teet, and 38 ~- | 
ankles 40 -A 
All other 552 F 15 - 1,N,F,A 
organs 8 - 1,A 
F = FRC; FRC identifies its values as Radiation Protection Guides (RPG). 
A = |AEA. 
N = NCRP. 
1 = ICRP. 
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high !Inear energy transfer a lens modifying factor of 3 and a quality 
factor of 10 are app! ied. 16 For the MPD in 13 weeks there are a number 
of differences, The differences result from the 1960 decisions of the 
NCRP!? and FRc18 In 1966 to set for simpliclty the maximum permissible 
quarterty vatues at 1/3 the annual permissible dose and of the ICRP! 
In 1966 to set the maximum permissible quarterly values at 1/2 the annual 
permissible dose. 


It Is apparent that for chronic exposure to Ionizing radiation (not 
Including planned special exposures or emergency exposures) that there 
are three principal ICRP regulations: (1) no more than 1/2 the annual 
permiss|lble dose to any body organ In a single quarter; (2) no more than 
5(N-18) rem to the organs for which the formula is applicable; and (3) 
no more than the annual permissible dose for the other organs. 


Exposure of Members of the Public 


The present annual dose levels recommended by the ICRP, IAEA, NCRP, 
and FRC for members of the genera! population are listed in Table 2. 
WIth but one exception (see footnotes "d" and "e"), the values listed 
are 1/10 of the maximum permissible dose equivalents permitted in one 
year for occupational workers (see Column 3 of Table 1).21,22 1+ is seen 
that the FRC does not have Radiation Protection Guides (RPG) for some 
organs. However, In his Memorandum for the President,2> the chairman of 
the FRC recommended that "where no Radiation Protection Guides are pro- 
vided, federal agencies continue present practices." This is taken by 
these authors to mean that the dose levels (and concentration guides) to 
be followed by federal agencies in such cases should be those recommended 
by the ICRP and NCRP. Thus, there appear to be no Important differences 
among the recommendations of these authorities concerning permissible 
exposure levels for members of the general population. 


There are a number of reasons why permissible dose levels for mem- 
bers of the genera) populatign should be less than those for occupational 
workers. According to ICRP, 4 ot is not desirable to expose members of 
the public to doses as high as those considered to be acceptable for 
radiation workers; members of the public include children who might be 
subject to an Increased risk and who might be exposed during the whole 
of their lifetime; members of the public (in contrast to radiation workers) 
do not make the choice to be exposed, and they may receive no direct bene- 
fit from the exposure; they are not subject to the selection, supervision, 
and monitoring required for radiation work, and they are exposed to the 
risk of thelr own occupation.” 


The Commisston defines a genetic dose, on the bases of the "linear 
hypothesis" and "no threshold" assumptions, that is reatevant to an as- 
sessment of the genetic burden or genetic risk to the whole population, 
Specifically, they recommend that the genetic dose to the general popu- 
lation from all radiation sources, excluding natural background and 
medical sources, should not exceed 5 rems in the interval from conception 
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to the mean age of childbearing (30 years).22 They suggest, further, that 
the annual genetically significant dose should be the average of the in- 
dividual gonad doses, each welghted by the expected number of children 

to be concelved after the exposure. To determine an average genetic dose 
for a whole population, then, It Is necessary to measure or astimate not 
only the doses to Indlvidual members, but also to know the number of 
individuals exposed, Any determination or estimation of the annual 
genetically significant dose, In addition, requires Information on the 
demography of the population affected. 


No specific recommendations are made by the Commlsslon as to permis- 
sible, somatically refevant doses to the population. In cases of external 
exposure of the whole body to penetrating radiation, however, the | Imitation 
Imposed by the genetic dose discussed above, by Itself, reduces the doses 
to Internal organs to or below the individua) annua! dose levels listed 
in Table 2. The same applies to Internal exposure resulting from radio- 
nuclides which contribute to the gonadal! dose of a population. The pre- 
vious suggestion that average concentrations of Isotopes that concentrate 
in specific organs, other than the gonads, should not exceed 1/30 of the 
appropriate MPC values for continuous occupational exposure is no longer 
made. More recently, the ICRP indicates that those responsible for ex- 
posure of whole populations must make certain that appropriate factors 
are applied such that members of the critically exposed group (i.e., 
the group expected to receive the highest dose) do not exceed the MPD 
for members of the public (Table 2). 


Size of the Exposed Group 


In its earller guidance the Commission Included an Illustration 
of how to cgpsider the apportionment of genetic dose to various con- 
tributions. “© Although the purpose of the example was to show how 
genetically significant dose depends on the number of persons exposed, 
the guidance was misinterpreted and hence was not included in the latest 
report. Such guidance continues to have value in planning, especially 
if questions of group s#ze are involved. Sut the !imitations of this 
guidance must be recognized. The exposure situation to which the !CRP 
formula applies would be expected to be continuous over the extended 
time period invotved. Any exposure must be justified by the need for 
its associated cause and not permitted simply because the expected dose 
would still be less than some specified leve!. In considering special 
or one-in-a~Sifetime situations, one must keep in mind that no single 
type of population exposure should be permitted to take up a dispropor- 
tionate share of the total dose. 


The ICRP suggested that the size of the group be determined by the 
equation<?s 


where 
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percent of total population, 


Pad 
" 


average dose per 30 years to members of the tota! population 
as a result of exposure to the group, and 


! 


average dose per year’to individual members of the group. 


On the bas!s of occupational exposure at 5 rems/year total body 
exposure and assigning 1.0 rem for the value of K,20 the size of the 
occupationa! group !s 0.7% of the whole population; and each member of 
this group may accumutate 60 rems by age 30. When the entIre population 
is considered, S, as expected, takes on the value of 100%; i.e., when 
K = 5 rems/30 years and | = 0.17 rem/year. Firm values of K have not 
been recommended, since ICRP believes the apportionment of permissible 
genetic dose is best left to the various countries. 


Simultaneous External and tnternal Exposure 


Occupational exposure includes consideration of dose contributed 
by external and Internal sources. The total dose must be controlled; 
initlal recommendations sImply considered the reduction of internal 
exposure by the fraction of MPD contributed by external exposure. 
Subsequently, the Commission provided a set of rules governing the 
addition of doses from penetrating externa! exposure and exposure to 
long-!Ived bone seekers. 2 These rules are enumerated as follows: 

(1) No reduction need be made in maximum permissible externa! dose if the 
body burden of a radionuclide Is less than one-half of the maximum per- 
missible; (2) the total body exposure to external radiation should be 
reduced from 5 rems/year to 1.5 rems/year if the body burden is greater 
than one-half but less than the maximum permissible; and (3) the total 
body exposure should be reduced to zero If the body burden equals or 
exceeds the maximum permissible. Presumably, for simultaneous external 
and Interna! occupational exposure to short-lived radionuclides, the 
recommendations for quarterty and annual dose listed In Table 1 would 
apply. 


Multiple Organ Exposure 


Exposure to radionuc!ides released to the environment may result 
In dose to several organs. In those instances in which a mixture of 
radionuclides are taken Into the body and the resultant doses in several 
organs are of comparable. magnitude, the combined exposure Is considered 
to constitute essentially whole body exposure.>> The | imitations 
imposed on occupationa! exposure to the gonads and the blood-forming 
organs then apply, and the dose to each of the organs must be restricted 
to not more than 3 rems/13 weeks, 5 rems/year, and an accumulated dose 
of 5(N-18) rem. 


More recent guidance by the ICRP considers the permissible ocgupa- 
tional exposure when several body organs are concurrently exposed. 4 
if external exposure of whole body has resulted in red bone marrow or 
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Table 2. Annual dose levels for members of the public. 


Oraan or Tissue NCRP® FRC? {CRP |AEA 

3 eeu (rem) (rem) (rem) (rem) 

Gonads and red bone marrow 0.5 0.5° 0.5 0.5 
Total body 0.5 0.5° 0.5 0.5 

Lenses of the eyes 0.5 1.5 1.5 

Other single organs 1.5 1.5 1.5 
Skin, bone, and thyroid 3 1.54 3° 3° 

Hands, forearms, feet, and 1.5 7.5 7.5 


ankles 


2 These levels are based on NCRP's simple recommendation that 
the permissible dose to members of the population at large be re- 
duced to not more than 1/10 of the occupationa! values. 

b The FRC does not recommend Radiation Protection Guides for 
individual organ doses to the population other than gonads and 
whole body. 


£ The FRC specifies that the RPG for gonads shall be 5 rems in 
30 years for average population groups on the assumption that the 
majority of individuats do not vary from the average by a factor 
greater than 3; thus, the permissible annual dose to gonads and 
whole body for average population groups would be 0.17 rems. 


7 The FRC recommends RPG's for the thyroid of 1.5 rems/year for 
individual and 0.5 rem/year to be applied to the average of suit- 
able samples of an exposed group in the population. 


2 The ICRP and IAEA recommends 1.5 rems/year to the thyrold of 
children up to 16 years of age. 
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gonad doses In excess of 2.5 rems/year (> 1/2 MPD), no two or more organs 
shail be exposed at more than one-half their respective MPD (Column 3, 
Table 1). The dose to three or more body organs should not exceed one- 
half of thelr respective MPD. 


BASES OF INTERNAL DOSE ESTIMATION 


The dose actually received by man as a consequence of radionuclides 
released to the environment wi!! depend upon many factors. The physical 
hab! ts and characteristics of the Individual (age, sex, physical condi- 
tion, eating habits, hyglentc standards, etc.) influence the quantity of 
radioactive materlal to which he may be exposed and the amount of material 
that may assimilate In various organs. Dose will also depend upon the 
physical and chemical properties of the radioactive material and the mode 
of exposure (j.e., Inhalation, ingestion, puncture wound, submersion in 
contaminated air or water, etc.). The paucity of data to evaluate the 
effects of these factors on dose has made it necessary to limit the number 
of factors considered and to use simplifying assumptions in the calcula- 
tion of body burden and maximum permissible concentrations.> 


The principal assumptions made by the Commission in establishing the 
maximum permissible body burdens and the maximum permissible concentra- 
tions for occupational exposure are as fotlows:°6 (1) Exposure is con- 
tinuous for a 50-year period to a constant level of contamination; (2) 
calculations are based on the so-called "standard man" whose habits and 
characteristics have been defined (|.e., intake rate of water and air, 
excretion rate, organ mass, element distribution, and biological parame- 
ters); (3) the organ Is homogeneous in composition and density and the 
radloactive material is distributed uniformly within the organ; (4) the 
chemical form of a particutar radionuclide is classified simply as solu- 
ble or Insoluble; (5) the radionuclide is eliminated exponentially from 
the body organ, |.e., the fraction of organ burden eliminated per day 
is constant; and (6) any daughter isotopes remain present in the tissue 
where they are produced except for biological elimination that occurs 
at their characteristic elimination rates. The only modes of exposure 
tabulated by ICRP are inhalation and ingestion, except in a few cases 
where submersion in air presents the greatest hazard. The health physi- 
cist must make appropriate adjustments when population exposure situations 
and other exposure modes are involved. 


Maximum Permissible Body Burden 


The maximum permissible body burden, q, is based on that amount of 
the radionuclide which Is deposited in the total body and produces the 
maximum permissible dose rate to the body organ of interest. Thus, 
to assess the significance of an intake of radioactive material, it is 
necessary to know the rates of radiation dose received by the various 
organs and tissues of the body as a result of the deposition from that 
intake. The average dose rate per microcurie deposited in any part of 
the body is then 
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9 -6 1 
qx 3.2 x 10° x ex 1.6 x 10° x Too * 


51 «qx 7 rem/day (ap) 


oO 
a 
3|- 


where 
= microcuries accumulated in the total body, 


3.2 x 10° = number of disintegrations per day from 1 Cl, 


e = £ EF (QF) (OF), the effective absorbed energy per 
disintegration, MeV (An explanation of these terms 
appears later In the text.), 


1.6 x 10° = ergs per MeV, 
100 = ergs per gram of tissue per rad, and 


m = mass in grams of the tIssue. 


Two somewhat different criteria have been ,used by the Commission 
to determine maximum permissible dose values. For bone-seeking 
radlonuc|Ides such as strontlum-90 and plutonium-239, the estimate Is 
based on a comparison with radium-226 and daughter products. Reliance 
has been placed on the considerable experience gained from clinical find- 
ings concerned with internally deposited radium. The maximum permissible 
body burden of 0.1 yg of radium-226 is considered to correspond to an 
average dose rate of 30 rems/year to occupational employees. For all 
other radionuclides the body burdens are set to limit the dose received 
by various organs of the body to the values IIsted in Column 3, Table 1. 


A number of metabolic routes must be considered In internal contami- 
nation. The possible fate of radionuclides taken Into the body depends 
on the mode of entry (Inhalation, Ingestion, skin absorption, or punc- 
ture wound) and on the physicochemical properties of the material (size, 
shape, and density of particles, and chemical form and solubility). The 
distribution of an ingested Isotope in the body is determined by a number 
of factors, and these are illustrated by a simple diagram (Figure 1). 

For a continuous ingestion of P wCi/day, the fraction of ingested radlo- 
nuclide reaching the blood is f; and the fraction of nuclide In the blood 
that reaches the critical organ is f'2. The parameter fz is the fraction 
of the body burden in the critical organ and qf2 is the burden of the 
radionuclide in the critical organ. The fraction of that taken into the 
body by ingestion that is retained by the critical organ, f,, is the 
product of fy), f'o. The compartment mode! reflects a constant ellmination 
rate, 4, from the critical organ. Critical organ refers to the organ of 
the body whose damage by the radiation results in the greatest damage to 
the body. Frequently, but not always, this is the organ that accumulates 
the greatest concentration of the radioactive material. Guidance is 
furnished by the Commission on appropriate values for each of these 
parameters in standard man as wel! as on the retention of particulate 
matter in lungs and on the contents and residence times in the gastro- 
intestinal tract.29»40 Possible revisions to the lung model have been 
considered by a Task Group of ICRP Committee 2.14 A Task Group of ICRP 
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PARAMETERS CHARACTERIZING THE DISTRIBUTION 
OF AN INGESTED RADIONUCLIDE 


GI Tract 


Critical Organ 
(af,) 


P = intake rate. 
f, = fraction of ingested radionuclide reaching the blood. 
f= fraction of radionuclide in blood reaching the critical organ. 
f 27 fraction of body burden in the critical organ. 
A= fractional elimination rate. 


Figure 1, Parameters characterizing the distribution of an ingested radionuclide. 
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Committee 4 has more recently developed the models required to calculate 
dose due to a short-term or acute single intake of radionuclides. De- 
tailed information has been furnished about the metabolism of thirty-one 


radionuclides most frequently encountered as internal contaminants of 
workers. 


The dose equivalent in rem corresponds numerically to the product 
of the absorbed dose in rad by appropriate modifying factors. One of 
the modifying factors is the quality factor, QF (formerly referred to 
as RBE), which now relates to linear energy transfer (LET). Another 
modifying factor is the distribution factor, DF, that expresses the modi- 
fication of biological effect due to non-uniform distribution of Intern- 
ally deposited isotopes. An example is the relative damage factor, n, 
applied in certain cases to the particulate component of energy (i.e., 
al! energy other than x or y) emitted by radionuclides deposited in the 
bone. Other factors in the effective absorbed energy term given above 
are E, the energy (MeV) absorbed per disintegration, and F, the ratio 
of disintegrations of daughter to disintegration of parent. Thus, 
insertion of the appropriate modifying factors in the effective absorbed 
energy germ converts the absorbed dose (rad) to the dose equivalent (rem). 


The critical organ burden, Q, or the tota! body burden, q, is given 
by one of two equations. 


q= 7 sC=71CI (2) 
fo foe 
P+ Ra Ra 
24. 2 e- _ il 
a io. te (3) 


Equation (2) follows from equation (1) when R is the dose rate in rem/year, 
and it applies to all organs except bone. Equation (3) applies in the 
case of a- and g-emitting radionuclides that localize in the bone and 
relates the maximum permissible body burden to a permissible bone burden 
of 0.1 uli of radium-226. The constant in this equation is derived from 
the permissible body burden of radium-226 (0.1 uCi), the fraction of 
radium-226 in the bone of that in the total body (0.99), and the effective 
absorbed energy of radium-226 and its daughter products (110). 


Maximum Permissible Concentrations 


Maximum permissible comcentrations (MPC) for all organs other than 
the G! tract are computed on the basis of a constant level. of exposure 
and the single exponential model leading to the equation44 


2. p-rQ 


dt (4) 
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The solution of thls equation when 9 = 0 at t = 0 is 


-r 
Q = af, = Bae et) (5) 
when 
4 = effective decay constant = 2.883, 
T = effective half-!Ife (TT ACT ATs days; 
ale radioactive half-life, days; 
Ty = blological half-life, days; 
t = exposure period (taken as 50 years for occupation exposure), 
days; 
P = rate of uptake of the radionuc!Ide by the critical body organ, 
uCl/day. 


The amount of material deposited In the critical organ is equal to the 
product of the concentrgtion of the radlonuciide in air or water taken 
Into the body, M(uCi/cm°?), the average rate of intake, I (om3/day), and 
the fraction of the radionuclide initially retained in the critical organ, 
fa, or fy. Thus P = MIf. For occupational exposure at the MPC of the 
radionuclide in water, M = (MPC), and in air, M = (MPC). 


It is clear from equation (5) that the body burden and the associated 
dose rate increase throughout the exposure period, which is taken as 50 
years for occupational! exposure. By substituting appropriate values of 
P in equation (5), the expression for maximum permissible concentration 
is 


MPC = __cQ (6) 
TH-e*) 


in which c = 1077 for inhatation and c = 9.2 x 1074 for ingestion of 
water when the MPC is for occupational exposure of 40 hours per week. 
{t Is usually assumed that standard man consumes half his daily intake 
as air and water during the 8-hour working day. For continuous occupa- 
tional exposure the MPC values should be divided by 2,92, except for 
submersion as the exposure mode where they should be divided by 4.38 to 
correct for intake and occupancy factors. Equation (6) can be modified 
for parent-daughter radionuclides and for the GI tract as the critical 
organ. 


For internal exposure the pattern of dose delivered at the MPC is 
illustrated for a few radionuciides in Figure 2. The permissible dose 
rate for a particular organ (Column 3, Table 1) is attained after an 
occupational exposure at the constant MPC value for 50 years. Theoret- 
ically, although a constant dose rate is never achieved with continuous 
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Limiting rate to thyroid, skin, or bone 


Limiting rate to kidney, liver, lung, 
muscle, spleen, etc. 


Dose Equivalent Rate (rem/yr) 


fe a nanoawo 


(A 
(Ax _ Radionuclide for 
which T—> 


012 3 4 5 6 7 8 10 2 30 40 50 6 
Period of Exposure (years) 
Plot of dose equivalent versus years of exposure at the constant level of MPC. 


Figure 2. Plot of dose equivalent versus years of exposure at the constant 
level of MPC. 
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deposition, 99% of the equilibrium value is reached after a time period 
corresponding to six effective half-lives. The intake of fodine-131 

with an effective half-life of 7.6 days will reach an equilibrium thyroid 
burden and a dose rate of 30 rems/year to the thyroid after about 7 weeks' 
exposure at the MPC. For radionuclides such as strontium-90 and 
plutonium-239 with long effective half-lives, 100% of the permissible 
occupational dose rate is reached after 50 years of exposure at the MPC 
but, in the case of strontium-90, only 86% of the bone burden is reached. 
The fact that the dose rate after 50 years of exposure may exceed the per- 
missible rate is not viewed with alarm, since few, if any, workers will 

be so exposed. Although the permissible dose rate for very long-lived 
radionuclides is only achieved after 50 years of exposure, any safety 
factor is more apparent than real. In practice, individual workers are 
likely to be exposed for only a few years early in their work experience, 
and the permissible dose commitment will, in fact, be nearly achieved. 


The most recent guidance on MPC values for strontium-90 considers 
that metabolic data provide a sounder basis for the estimation of MPC 
values than the exponential model used previously in the recommendations .47 
"Extensive experimental data indicate that the strontium-calcium ratio of 
mineral derived from diet in newly formed bone is about 0.25 of the cor- 
responding ratio in the norma! human diet. Data are aiso available on 
the average concentrations of stable strontium and stable calcium in 
normal human diet and bone of large populations." There was no change 
made in the permissible body burden of strontium-90, but the MPC values 
for bone as the critical organ were increased by a factor of 4, and the 
MPC values for total body as the critica! organ were increased by a 
factor of 2. 


Maximum Permissible Dose Commitment 


The MPC or MPI are satisfactory concepts from the standpoint of 
more or less continuous exposures. Only recentiy has the ICRP provided 
detailed guidance on single exposures to radionuclides inhaled or in- 
gested, and it emphasized the problem associated with rapig buildup in 
the body of radionuclides having long effective half life. 8 An oc- 
cupational worker who acquires a bone burden of strontium-90 such that 
the dose of 15 rem is received during 13 weeks of the year, following 
a single exposure or quarterly exposure, will continue to receive a bone 
dose of this magnitude for many years thereafter. Thus, the worker would 
be restricted to work in environments that add little, if any, additional 
exposure. 


To avoid the possible restriction of an employee's activity, the 
(CRP has introduced the concept of maximum dose commitment. An annual 
maximum dose commitment is the dose resulting from the intake of radio- 
nuclides corresponding in amount to intake at the MPC for 1 year. 
Figure 3 illustrates the application of the concept of maximum permissi- 
ble dose commitment.49 Curve A represents the dose rate to the critical 
body organ as a function of time, t, following a single short-term intake 
of time, t, of a radionuclide. It is a maximum permissible dose commi tment 
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DOSE EQUIVALENT RATE (rem/yr) 


Tt 50 50+ 7/2 
TIME (years) 


Figure 3. Curves illustrating the maximum permissible dose commitment concept. 
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if the area under this curve (integrated dose) from t = 0 to 50 + t/2 years 
is equal to the area under curve B for this same period. Curve B rep- 
resents the dose rate to thls same body organ when the person is occupa- 


tionally exposed to the MPC of a radionuciide for a period y years. If 
t = 1/2 year, the exposure is the maximum permissible dose for single 
exposures or for exposures on a quarterly basis. In every category of 


maximum permissible dose commitment, the area under curve A equals area 
under curve B equals Rt, the area of the rectangle in which R is the 
maximum permissible dose rate appropriate to the critical body organ for 
the radionuclide as given in Column 3 of Table 1. For any exposure at 
the MPC the dose rate approaches the value R, as shown by the dotted 
curve C, and In every case reaches the value R at or before 50 years. 


The concept of dose commitment has application where members of the 
public may be exposed. An earlier study made use of this approach in the 
assessment of the safety of waste releases to the Clinch River at Oak 
Ridge National Laboratory, °° and_a paper to be given at this conference 
illustrates another application. 


Single or Short-Term Exposure 


The ICRP has indicated that up to one-half of the maximum permis- 
sible dose commitment may be accumulated in a quarter of a year. 
These commitments may be taken in any pattern during the quarter interval, 
from single, near instantaneous exposures to continuous exposures. In 
the case of internal exposure to radionuclides having short effective 
half-lives, this corresponds to a quarterly dose at twice the dose rate 
permitted on an annual basis, or to receiving one-haif the annual dose 
in 13 weeks. For internal exposure to radionuclides having a long ef- 
fective half-life, this corresponds to a total intake of the radionuclide 
equal to one-half of that which would be permitted for continuous ex- 
posure at the MPC for 1 year. The dose equivalent over a 50-year period 
would numerically equal one-half of the annual permissible dose. This 
relationship between dose from a single or short-term exposure aye dose 
from continuous exposure has been demonstrated by K. Z. Morgan. 3 


Consideration of Stable Element Intake 


Many factors have an effect in determining the value for a maximum 
permissible limit. One such factor is the relative abundance or scarcity 
in the diet of stable isotopes with similar chemical properties of the 
radionuclide. When data are lacking on the metabolism of a particular 
radionuclide in the human body, as is frequently the case, information 
on the intake and elimination of stable isotopes of the element in the 
critical body organ may be used in the calculation of permissible levels. 
It is assumed that the distribution of the normal stable isotope in the 
bedy organs is typical of the distribution that would result from chronic 
exposure to radionuclides of the same element and that an equilibrium 
condition exists between the stable isotope in the body organ and in the 
dietary intake. When this is the case, it follows that for a stable 
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_ 0.693 mC 
Th Sauter 7) 


m = mass in grams of the tissue, 


C = average concentration of the element in the critical organ 
(grams of element per gram of wet tissue), 


| = average daily Ingestion of an element (g/day), and Ty and f, 
are as defined previously. 


By substItuting equation (7) in equation (5) for an equillbrium situ- 
ation and letting P = i*fy (where !* Is equal to the permissible intake 
of the radionuclide, or (MPC), times the standard man Intake of water), 
it can be shown that 


Beck Ae (8) 
g element in organ | 0.693 mC 
——— + T 
Lf, r 


Values of (MPC), calculated from equation (8) will then correspond to 
similar values Visted in ICRP Publication 2 for cases where stable ele- 
ment data was judged to be acceptable and was used to calculate maximum 
permissible concentrations. Thus, it can be seen that the Commission 
considered stable element intake in its derivation of maximum permissible 
concentrations. 
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FROM PRODUCTS CONTAINING RADIOACTIVE MATERIAL 
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ABSTRACT 


Under the Atomic Energy Act of 1954, as 
amended, the Atomtie Energy Commission is re- 
sponstble for regulating the possession, use 
and transfer of byproduct, source and special 
nuclear materials in accordance with safety 
standarde established by rule of the Commis- 
ston to protect health and minimize danger 
to life and property. Thie paper describes 
some of the basic considerations in establish- 
ing safety criteria and regulations for author- 
taing the tranefer and use of byproduct mate- 
rial (radtoisotopes) in products for distri- 
bution to the general public. It discusses 
problems encountered in extending the broad 
guidance provided by the Federal Radiation 
Counetl (FRC) and by the International Com- 
mteston of Radiological Protection and the 
Nattonal Council on Radiation Protection and 
Measurements (ICRP-NCRP), which is limited 
to total exposures of individuals and popu- 
lation groups to radiation from many sources, 
to appropriate controls on radioactivity in 
an individual consumer product which represents 
only one source of population exposures. The 
paper also discusses possible approaches to 
accomplishing the regulatory objectives of 
providing reasonable assurance that (1) the 
contribution of an individual product to total 
ezposures that might be permitted under FRC 
and ICRP-NCRP guidance should not be dispro- 
portionate to the benefite to be derived, and 
(2) appropriate efforts are made to limit ex- 
posures to the population from individual 
classes of sources of exposure ae far ae 
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practicable. Existing criteria and regulations 
pertaining to the control of radiation exposure 
to the population from products into which radio- 
active material is purposely introduced are de- 
sertbed, and additional considerations which 
must be taken into aecount for the development 
of further erttertia and regulations which are 
applicable to the possible wide-scale distrt- 
button of products containing radioactive mate- 
rial as a result of the Plowshare Programs are 
explored. 


Lc 


Previous speakers have described experimental Plow- 
share projects designed to determine the feasibility of 
using nuclear explosives to aid in the production of pro- 
ducts such as natural gas, oil and copper. The Atomic Energy 
Commission recognizes that in evaluating the feasibility 
of such uses of nuclear explosives, criteria and controls 
for protection of the health and safety of the public using 
the products are of primary importance. A key factor is 
to minimize the amount of residual radioactivity that may 
become associated with the products. It is for this rea- 
son that major objectives of the Plowshare program are to 
develop information that will assist in the determination 
of exposures to the public from the use of products pro- 
duced by nuclear explosives and to investigate means of 
reducing the amount of radioactivity associated with the 
product. This information will permit the progressive and 
timely development of regulations which are related to the 
specific conditions prevailing at the various stages of 
development of the use of nuclear explosives. 


Even. for the most advanced project, the production 
of natural gas by nuclear stimulation, it is too early to 
support detailed suggestions as to regulations which might 
be imposed on wide-scale uses of such products. The pur- 
pose of this paper is to discuss some of the general con- 
siderations in the future development of regulations applic- 
able to commercial distribution of natural gas and other 
products that might be produced with the aid of nuclear 
explosives, 


The distribution on a commercial scale of products 
such as natural gas, oil and copper to be produced by 
nuclear explosives involve factors that differ in many re- 
spects from those that have been taken into account by the 
Atomic Energy Commission in its present regulations. 
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Exemptions from regulatory control of various products that 
have been established by the Atomic Energy Commission were 
not developed with Plowshare-produced products in mind and 
cannot be considered to be directly applicable to such pro- 
ducts. However, there are many factors, which have already 
received extensive consideration by the Atomic Energy Com- 
mission in controlling the distribution to the general pub- 
lic of other products containing radioactive material, that 
are also pertinent to the development of regulations for 
the control of Plowshare products. It is useful at this 
point to review these common factors. 


Basic considerations for the development of criteria 
and regulations designed to protect the public health and 
safety, including those related to authorizing the use of 
consumer products containing radioactive material exempt 
from regulations, are contained in the recommendations of 
the International Commission on Radiological Protection, 
the National Council on Radiation Protection and Measure- 
ments, and the Federal Radiation Council. (These groups 
are commonly known as the ICRP, the NCRP, and the FRC, 
respectively.) In summarizing quantitative recommendations 
of these groups for limiting exposures of the general pub- 
lic to radiation, we shall use the term, Radiation Protec- 
tion Guide, adopted by the FRC. The corresponding term 
adopted by the ICRP is Dose Limit. 


Quantitative recommendations of the ICRP, NCRP and 
FRC establish Radiation Protection Guides for limiting 
exposures of the general public to radiation. For indi- 
vidual members of the general public, the Radiation Pro- 
tection Guide for whole-body exposures is one-half rem per 
year. Corresponding Guides for limited portions of the 
body are higher by factors that range from 3 to 15. For 
the total population, it is recommended that the average 
genetically effective exposure should not exceed 5 rems 
in 30 years. For the present purpose, the most pertinent 
Radiation Protection Guide established by the FRC provides 
that as an operational technique, where the individual 
whole-body doses are not known, a suitable sample of the 
exposed population should be developed whose protection 
guide for annual whole-body dose will be 170 mrem per 
capita per year. These exposure guides do not include 
either exposures to radiation from naturally-occurring 
sources or exposures to radiation from medical procedures. 


Both the ICRP and the FRC consider that the primary 
purpose of Radiation Protection Guides for individual 
members of the general public is to provide guidance for 
limiting levels of radiation and radioactivity in man's 
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environment and recognizes that it may not always be prac- 
tical to assure that there will not be some individuals 
who will receive greater exposures than specified in the 
guide. For example, in paragraph 70 of its Publication 9, 
the ICRP states: 


"The Maximum Permissible Doses that have been estab- 
lished for occupational (emphasis supplied) exposure 
are regarded as upper limits, and the doses may have 
to be individually monitored and controlled to ensure 
that the Maximum Permissible Doses are not exceeded. 
The dose limitation for members of the public is a 
more theoretical concept, intended to provide stand- 
ards for the design and operation of radiation sources 
so that it is unlikely (emphasis supplied) that indi- 
viduals in the public will receive more than a speci- 
fied dose. The effectiveness of this is checked, not 
by observing individuals, but by assessments through 
sampling procedures in the environment and statisti- 
cal calculations, and by a control of the sources 
from which the exposure is expected to arise..." 


Both the ICRP and FRC use these individual Radiation Pro- 
tection Guides to develop alternative recommendations for 
controlling exposures from radioactivity in the environ- 
ment, expressed in terms of average exposures of selected 
groups of individuals. While these alternative recommen- 
dations better reflect the nature of the environmental 
standards of radiation protection, lack of precise criteria 
for selecting groups of individuals over which averages 
should be taken make them difficult to apply. The ICRP, 
after discussing the selection of appropriate groups, 
concludes (paragraph 74): 


"Because of the innate variability with an apparently 
homogeneous group, some members...will receive doses 
somewhat higher than the Dose Limit. However, at the 
very low levels of risk implied, it is likely to be 
of minor consequence to their health if the Dose 
Limit is marginally or even substantially exceeded." 


The ICRP further observes (paragraph 75) that: 


"In some situations...it may not be practical to make 
the detailed studies necessary for the identification 
of the critical group. To allow for individual var- 
iability it will then be necessary to apply an oper- 
ational 'safety factor' to the derived concentration 
limits applicable to a member of the public. ...How- 
ever, as the values to be recommended for such factors 
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would vary over a wide range, depending on the par- 
ticular circumstances, no generally applicable values 
are given in this report." 


Qualitatively, the ICRP, the NCRP, and the FRC gen- 
erally recommend that, within Radiation Protection Guides, 
exposures to radiation be kept as low as practicable. The 
ICRP adds (paragraph 87): 


"..,that it is important to ensure that no single 
type of population exposure takes up a dispropor- 
tionate share of the total. The way in which this 
is done will depend upon circumstances which may 
vary from country to country, and will be determined 
by national, economic and social considerations." 


Recommendations of the FRC, like those of the ICRP, 
which we have just quoted, are based on the nature of the 
risks to health of radiation exposure which have been 
discussed by Dr. Tompkins. 


Considerations such as these led the Federal Radiation 
Council to include, in its first recommendations on radia- 
tion protection guidance, approved by the President May 13, 
1960, the following general recommendations on the use of 
the Radiation Protection Guides: 


"It is recommended that: 


1. There should not be any man-made radiation 
exposure without the expectation of benefit result- 
ing from such exposure. Activities resulting in 
man-made radiation exposure should be authorized 
for useful applications provided recommendations 
set forth herein are followed. 


2. The term 'Radiation Protection Guide’ be 
adopted for Federal use. This term is defined as 
the radiation dose which should not be exceeded 
without careful consideration of the reasons for 
doing so; every effort should be made to encourage 
the maintenance of radiation doses as far below 
this guide as practicable. 


3, e0e006 

5. There can be no single permissible 
or acceptable level of exposure without re- 
gard to the reason for permitting the expo- 
sure. It should be general practice to re- 
duce exposure to radiation, and positive 
effort should be carried out to fulfill the 
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sense of these recommendations. It is basic 

that exposure to radiation should result from 

a real determination of its necessity. 

eeevccee 

7. The Federal agencies apply these Radiation 
Protection Guides with judgment and discretion, to 
assure that reasonable probability is achieved in 
the attainment of the desired goal of protecting 
man from the undesirable effects of radiation. The 
Guides may be exceeded only after the Federal agency 
having jurisdiction over the matter has carefully 
considered the reason for doing so in light of the 
recommendations in this paper." 


It is within this framework that the AEC, as a regu- 
latory agency, works in developing appropriate criteria, 
standards and regulations governing the control of sources 
of exposures to the population from atomic energy activi- 
ties, including the distribution of consumer products 
containing radioactive materials. Simply stated, the AEC 
objectives in developing safety criteria are to provide 
reasonable assurance that: 


(1) appropriate efforts are made to limit ex- 
posures to the population from individual classes of 
“sources-of-exposure" as far as practicable; 


(2) the exposures of the general public to 
ionizing radiation from all sources will not exceed 
levels recommended by the Federal Radiation Council 
and approved by the President; and 


(3) the contributions of individual classes of 
“sources-of-exposure"” to exposures of the public are 
not disproportionate to their net contributions to 
the national welfare. 


In undertaking to meet these objectives, we find that 
different classes of "sources-of-exposure" involve consid- 
erations that require different regulatory controls and 
specific criteria for limiting their respective contribu- 
tions to exposure of the public to radiation. Whenever 
an activity or a product that constitutes a new "source- 
of-exposure", or a substantial modification of an exist- 
ing one, is. proposed, it becomes necessary to review ex- 
isting regulatory requirements to determine what modifi- 
cations may be desirable to assure that our objectives 
will continue to be met. 


In considering the development of criteria and con- 
trols to limit exposures of the public to radiation from 
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byproduct material contained in consumer products, it may 
be observed at the outset that it will generally not be 
practical to achieve AEC objectives by regulating users of 
the product. Not only would the effort required to effec- 
tively regulate the user be expected to outweigh the rea- 
sons for introducing the byproduct material into the pro- 
duct, but the impact on the user would generally be unac- 
ceptable to him. Consequently, our interest is in the 
development of criteria for determining whether or not the 
characteristics of a particular product sufficiently limit 
its potential for exposure of members of the public to jus- 
tify exemption of its use from regulatory control. Assur- 
ance that an exempt product meets specified requirements 
must then depend upon regulations applicable to the pro- 
ducer, importer, or distributor of the product. 


In practice, the manufacturer or importer of a pro- 
duct containing byproduct material is prohibited from 
transferring the product for distribution to the public 
unless the product is shown to meet the requirements estab- 
lished in a specific license which authorizes the distri- 
bution. 


The Commission has developed general criteria for 
exempting the use of byproduct material in products that 
depend on the radioactivity to perform a useful function, 
as in the case of self-luminous products. These criteria 


appear in the Federal Register of March 16, 1965. The 
key provisions of these criteria are: 


"2. Approval of a proposed consumer product will 
depend upon both associated exposures of persons to 
radiation and the apparent usefulness of the product. 
In general, risks of exposure to radiation will be 
considered to be acceptable if it is shown that in 
handling, use and disposal of the product it is un- 
likely that individuals in the population will receive 
more than a small fraction, less than a few hundredths, 
of individual dose limits recommended by such groups 
as the International Commission on Radiological Pro- 
tection (ICRP), the National Council on Radiation 
Protection and Measurements (NCRP), and the Federal 
Radiation Council (FRC), and that the probability of 
individual doses approaching any of the specified 
limits is negligibly small. Otherwise, a decision 
will be more difficult and will require a careful 
weighing of all factors, including benefits that will 
accrue or be denied to the public as a result of the 
Commission's action. ..." 
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"9, In evaluating proposals for the use of radioactive 
materials in consumer products the principal consid- 
erations are: 


(a) The potential external and internal exposure 
of individuals in the population to radia- 
tion from the handling, use and disposal 
of individual products; 


(b) The potential total accumulative radiation 
dose to individuals in the population who 
may be exposed to radiation from a number 
of products; 


(c) The long-term potential external and inter- 
nal exposure of the general population from 
the uncontrolled disposal and dispersal into 
the environment of radioactive materials 
from products authorized by the Commission; 
and 


(d) The benefit that will accrue to or be denied 
the public because of the utility of the 
product by approval or disapproval of a 
specific product.” 


"1. At the present time it appears unlikely that the 
total contribution to the exposure of the general pub- 
lic to radiation from the use of radioactivity in con- 
sumer products will exceed small fractions of limits 
recommended for exposure to radiation from all sources. 
Information as to total quantities of radioactive mate- 
rials being used in such products and the number of 
items being distributed will be obtained through 
record-keeping and reporting requirements applicable 
to the manufacture and distribution of such products. 
If radioactive materials are used in sufficient quan- 
tities in products reaching the public so as to raise 
any question of population exposure becoming a signif- 
leant fraction of the permissible dose to the gonads, 
the Commission will, at that time, reconsider its pol- 
icy on the use of radioactive materials in consumer 
products." 


These criteria were intended to be specifically ap- 
plicable only to products into which radioactive material 
is incorporated for the purpose of performing a useful 
function as part of the product such as its use in self- 
luminous devices. While the criteria may provide some 
guidance on an approach to development of criteria for 
Plowshare products, there are many new factors introduced 
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in the use of products produced by nuclear explosives such 
as the type of the product; the nature of the processing 
and distribution systems; the critical pathways of exposure 
to man; and the type and size of population groups that 
will use the various products. 


Safety criteria and conditions of exemption specifi- 
cally applicable to each Plowshare-produced product should 
take into account considerations such as the following: 


(1) The contribution of the Plowshare-produced 
product to the national welfare. 


(2) The feasibility of limiting radioactive con- 
tamination of the product, as released by a licensed 
producer or processor, to acceptable levels. 


(3) Possible and probable exposures to individuals 
and population groups as a result of exemption of 
the product from regulation under specified condi- 
tions. 


Among proposals to use nuclear explosives for the com- 
mercial production of various products, only the proposal 
for use in the production of natural gas is in an advanced 
stage. Project Gasbuggy and future Projects Rulison and 
Dragon Trail are designed to provide information on the 
feasibility of commercial production of natural gas by this 
means. These experiments should provide much of the infor- 
mation needed to formulate controls on the distribution of 
gas and conditions under which use of the gas might be ex- 
empted from regulation. Additional studies will be required 
to provide information on matters such as methods of re- 
ducing the amount of byproduct material in gas to the ex- 
tent practicable and relationships between concentrations 
of gas introduced into various collection and distribution 
systems and resultant exposures of persons and groups of 
persons. 


Without attempting in any way to prejudge the results 
of data collection and evaluation effort that is really 
just beginning, I thought you might find it instructive 
if I were to sketch out what appears to be a likely way 
for regulations to evolve. I would expect us to feel our 
way through several stages of development of criteria and 
controls as gas from test wells is introduced into distri- 
bution systems in an increasing amount as information is 
developed about the concentration of byproduct material 
in Plowshare-produced gas and how that gas moves about in 
distribution systems. 
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It seems reasonable in the first place that certain 
points of control in a gas distribution system would be 
specified beyond which the further distribution and use 
of the gas would be free of regulation, or, if you will, 
the gas would then be an exempt consumer product. As in 
the transfer and distribution of other exempt consumer pro- 
ducts, the person introducing the gas into the distribution 
system would be required to meet such limits on the radio- 
active content of the gas as might be determined by the 
Commission to be necessary for the protection of the pub-~ 
lic health and safety. 


The limits on maximum concentrations of radioactivity 
in the gas would be applied at specified points of control 
in the distribution system. These limits would be derived 
from criteria for acceptable levels of radiation exposure 
to a suitable sample of exposed population groups using 
natural gas or products produced from gas at various stages 
in the distribution system. In deriving the limits it 
would be necessary to take into consideration the radio- 
nuclide and its chemical form, the dilution afforded in 
the distribution or processing system prior to the first 
point of use of the gas, the nature of the use of the gas 
(i.e., home uses, manufacturing of products, industrial 
heat, etc.), and the relationship between concentrations 
in the gas or product at the point of use and exposures 
to people. For example, if gas were used for industrial 
heat to generate power where combustion products would be 
vented through a stack, the concentrations of radioactivity 
that could be permitted would probably be substantially 
higher than if the gas were used for cooking or nonventec 
heating in the home. 


The criteria for acceptable levels of exposure to a 
suitable sample of exposed population groups must of course 
be compatible with both the quantitative and qualitative 
recommendations of the Federal Radiation Council. This 
means that the concentration of byproduct material in 
natural gas should be reduced to the extent practicable. 

In view of the increasing importance of other sources of 
exposure to ionizing radiation, the contribution of by- 
product material in exempt natural gas produced by nuclear 
stimulation should not take up a disproportionate share of 
total exposures of the public to radiation from all sources. 
It is too early at this time to estimate what that share 
might be. 


We do not believe it will be appropriate or reason~ 


able to establish a single limit, that is applicable to 
all situations, in terms of either concentrations of 
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radioactivity introduced into a distribution system or 
limits on radiation exposure to the public. For example, 
we suspect that it will be desirable in the developmental 
phase of the production of natural gas by nuclear stimu- 
lation to carry out tracer experiments in distribution sys-~ 
tems using some of the gas produced in experimental pro- 
jects. Such experiments would be useful in developing data 
on such items as the behavior of gas in distribution sys- 
tems, dilution factors, and critical pathways of exposure 
to man that are essential to the development of limits. 

The limits on concentrations of byproduct material permitted 
to be introduced into a pipeline distribution system for 
such tracer experiments could, of course, be substantially 
higher than limits on large volumes of gas produced by nu- 
clear stimulation for ultimate distribution on a commercial 
basis. 


It is likely that the regulatory controls which will 
initially be imposed on the introduction of gas into com- 
mercial channels will differ from those used at a later 
time when the technology has been more fully developed, 
pathways of exposure and affected population groups have 
been better identified, and the accuracy of theoretical 
exposure models has been confirmed by field assessment. 

As the commercial production phase is fully realized, it is 
possible that both the methods and specific requirements 
for control will vary from one gas field to another to 
achieve common objectives in limiting exposures. This 
could result from important differences among gas fields 
and the areas they supply, such as differences in composi- 
tion of the gas, production rates, collection and distri- 
bution systems, and a difference in size or nature of con- 
sumer groups using the gas. 


There are, of course, many questions that will have 
to be resolved as the Plowshare nuclear stimulation projects 
move forward. For example, how should the exposure cri- 
teria and limits be related to the total volume of gas pro- 
duced by nuclear stimulation as compared to the total vol- 
ume produced by conventional means particularly as this 
ratio increases with the use of the nuclear stimulation 
technique? How do we determine all of the important path~ 
ways of exposure and take into account the variation in 
exposure among users of the gas? The AEC is depending upon 
the information and data being developed in the Plowshare 
experimental program to assist in answering some of these 
questions and to serve as the basis for formulating those 
controls necessary for the protection of public health and 
safety. I would like to point out that any proposed regu~ 
lations that would be developed would, of course, first 
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of all be reviewed at the highest level in the Commission 
and would then be published for public comment before being 
put into effect. 


The criteria and controls for authorizing the distri- 
bution and use of other products which may be produced as 
a result of the Plowshare program will probably differ from 
those which will be developed for regulating the distribu- 
tion and use of natural gas produced by nuclear stimula- 
tion. However, the basic approach discussed in this paper 
would probably be about the same. 
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QUESTIONS FOR LESTER ROGERS 


From George Anton: 


Since the benefit in the risk versus benefit consideration is not 
really measureable, is not the actual interim practice in estab- 
lishing criteria a matter of minimizing practicable exposures for 
the activity being considered? 


ANSWER: 


| think the answer to that question is yes. It is a matter of mini- 
mizing practical exposures for the activity that is being considered. 
Of course once you minimize it, one then has to evaluate what likely 
exposure there is to be and then a decision has to be made on the 
basis of that benefit-risk balance. 


From Charles Hardin: 


Would you care to comment on the question of jurisdiction or 
regulatory responsibility for radionuclides released into consumer 
products from Plowshare Projects, when such Projects are conducted 
in Agreement States? 


ANSWER: 


I'I1 be glad to comment on this. | think we should hold in mind 

the comment | made at the beginning of my paper and that is to 

the effect that the question of just how the regulatory pattern 

will develop for Plowshare is somewhat of an open question. But 

| will answer in light of the present regulatory relationship 

between the Agreement States and the Atomic Energy Commission. 

Now for those of you who do not understand what the Agreement 

State Program is, in 1954 under the Atomic Energy Act, the 

Atomic Energy Commission was given its responsibility for the regu- 
lating of all types of atomic energy activities. There was some 
question about the role of states in this area and in |959, there 

was an amendment to the Atomic Energy Act, Section 274, which 
authorized the Commission to relinquish its regulatory responsi- 
bilities for bi~product materials, source materials, quantities of 
special nuclear material less than a critical mass, when the governor 
of a state certified or entered into an agreement with the Commission. 
There were certain activities which were reserved by the Commission, 
including the regulation of the production utilization facilities, 
nuclear power reactors. One other area that was reserved by the 
Commission was to regulate the transfer of products intended for 

use by the general public when this transfer was made by manufacture 
in an Agreement State. Now the Commission's regulatory responsibility 
for the transfer of products by manufacture in an Agreement State 
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is limited to the safety of the product itself and the manufacturer 
must have a license from the Atomic Energy Commission to transfer 
that product. The in-plant safety, the manufacturing of that product, 
is a responsibility of the Agreement State. So under the present 
regulatory relationship, the Atomic Energy Commission would regulate 
the release’ of Plowshare products by the manufacturer and the manu~ 
facturer would need a Sicense from the Atomic Energy Commission in 
order to release that product in Agreement States as well as in Non- 
Agreement States. 
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ABSTRACT 


The recommendations of the ICRP and the NCRP were developed 
primarily for occupational radiation exposures. They were later 
modified and applied to non-occupational exposures of populations. 
These, with appropriate interpretations, can be used to provide 
Plowshare radiation protection guidance. 


Exposures from Plowshare operations will tend to be acute, 
arising from radiormelides of relatively short half-life, but 
will have some chronic aspects due to small amounta of long-lived 
radionuclides generated. In addition, the neutron activation. process 
of Plowshare technology will produce radionuclides not commonly 
encountered in routine nuclear energy programs. 


How these radionuclides contribute to personnel exposure 
ia known for only a few ettuations that may not be representa- 
tive of Plowshare exposure. Further complications arise from 
differences in radionuclide deposition and phystological sensi~ 
tivity among individuals of different ages and states of health 
in the exposed population. All parameters necessary to evaluate 
euch exposures are not available, even for good quantitative 
approximations, resulting in the need for interpretive expertence. 


INTRODUCTION 


Nuclear energy has shown us its destructive forces in war, its harnessed 
powers in electrical generating facilities, its humane potentials in medicine, 
and most recently, its constructive capebilities in Plowshare programs. Are 
the radiation protection aspects of Plowshare applications ready to meet the 
needs of the rapidly developing programs? A look at the radiation protection 
guidance currently on hand says yes. The problem seems to be: What radiation 
protection guidance should be apptied? A clear and unified policy relating 
to the application of radiation protection guidance to Plowshare needs to be 
established. 
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The development of nuclear energy programs was accompanied by ef fec~ 
tive radlation safety programs. An exceptionally good radiation safety record 
resulted. The constructive application of nuclear energy to Plowshare pro- 
grams should be accomp|!Ished with a similar radiation safety performance 
record. Well-balanced plans to assure radlation safety for all Plowshare 
programs are a necessity. 


As with any safety program, the commonly undiscussed balance between 
the benefits to be gained and the risks to be incurred needs to be made so 
that the appropriate radiation protection guidance can be used. The difficult 
questions for selecting radiation protection guidance for Plowshare are: Who 
wlll make the benefits versus risks balance? And then once made, who will 
accept the balance? It Is too much to anticipate a balance that wil! be 
accepted by everyone. What, then {s the reasonable course of action? 


It would appear that only professional authoritative groups, such as 
the NCRP, FRC, or the ICRP, are In a position adequately divorced from the 
controls and Influences of government, trade unions, and the public to provide 
the necessary benefit-risk balance, and hence, the selection of the appropriate 
radiation protection guidance. To provide guidance Is not to be confused with 
determining performance. The AEC and the Public Health Service both have 
major roles In assessing and evaluating environmental conditions resulting 
from Plowshare activities. They both have the Important role of determining 
just how well Plowshare programs meet the prescribed radiation protection 
guidance. 


DISCUSSIONS 


Presently available radiation protection guides include the publications 
of the NCRP, ICRP, FRC and the IAEA. All of these recommendations are based on 
limiting and controlling the radiation dose to the Individual, be he a radiation 
worker or a member of the general public. All concentration limits that are 
derived are ultimately based on controtling radionuclide intake and depositions 
so as not to exceed some prescribed dose |Imit. 


One or more of the NCRP or FRC guides may be translated Into recom- 
mendations for Plowshare radiation protection guidance. For example, some 
may suggest the prescribed guides for the public exposee or for the general 
public can yleld recommendations directly applicable to Plowshare radiation 
protection. Others may advocate the use of the dose limits for the radi- 
ation workers as Plowshare control IIlmits. A few may advocate dose |Imits 
even higher than the annual |imits recommended for radiation workers because 
of the relatively short durations of the Plowshare radiation exposures. | 
would suggest that onty the guidance for the public exposee and for the 
genera! public can be unequivocably Identifled as applicable for Plowshare 
radlation protection guidance. 


Several factors need to be considered In selecting the proper radiation 


protection guldance for Plowshare. The principal factors of concern are the 
size of the group to be exposed by a Plowshare program and the extent to which 
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the group can be monitored and moved to control Its exposure. These factors 
may not always be the same for each Plowshare program. This Is perhaps the 
most troublesome and often jeast appreciated aspect of some current del iber- 
ations on this subject. By accepting the concept of different guidance for 
different Plowshare programs, the risk versus benefit balance can be made more 
justly. Before developing the potential of this approach, a short review of 
the basis for the various radlation protection guidance for the workers, the 
public exposee, and the general public may be helpful. 


For the radiation worker, dose Iimits were established such that a 
lifetime of occupational exposure within the dose [I[mits would not result in 
deteterilous effects that would be objectionable to the Individual or to his 
physiclan., The public exposee Is Identified as the maximumly exposed Individual 
of the general public. His exposure Is limited to 0.5 rems per year primarily 
to avold exposure of the fetus, although hls general state of health and age 
are Important factors also. For the genera! public, the radiation dose guid- 
ance [s based on genetic mutation considerations. 


Guidance for the occupatlona! exposure to radiation Is given by the 
Equation, Oose = 5(N-18), where the dose Is in rems and N Is the age of the 
Individual. Thls expression determines the acceptable occupational dose 
that may be delivered In a well distributed pattern of both low dose and low 
dose rate to the whole body. The critical organs, In determining the whole 
body limit, are the gonads and the red bone marrow. It Is Important to 
remember that the pattern of exposure needs to be relatively uniform with no 
short perlods of high exposure followed by long periods of IIittle or no expo- 
sure. 


The exposure controls for the non-radiation worker are defined In two 
ways. The public exposee, or individual, should, have his radiation exposure 
limited to 0.5 rems per year; however, the general public as a whole should 
recelve exposure at a rate not exceeding 5 rems in 30 years, or about 0.17 rems 
per year. The rate of accumulation of this exposure should be relatively 
unlform. It would not be a good practice to exceed the 0.17 rems/yr rate. 


A more detalied review of these dose limits Indicate that there are 
three categories of occupational limits: 1) the critical organ, 2) the limit- 
Ing organ, and 3) definable special cases. The 5(N-18) dose guidance Is applied 
to the critical organs. A dose of 15 rems per year Is defined as the maximum 
permissible for the Jimiting organs. Special definable cases are treated 
Individually. Two cases of common Interest are potentially pregnant women, 
whose dose Is to be !imited to 0.5 rem per year, and the fingers of the hands 
and the forearm. The fingers may recelve up to 75 rems per year; while the 
transition area, the forearm, Is permitted up to 30 rems per year. 


Now, to return to the concept of different guidance for different Plow- 
share programs. If a small group of Individuals will be Involved Ina 
Plowshare program and [f this group can be totally monitored and thelr dose 
controlled by actions taken after the Plowshare event, should thls become 
necessary, then control of exposures to near the public exposee | imit of 
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0.5 rems per year seems appropriate. By individua) monitoring, their actual 
radlatlon exposure from all sources is known. If a large group of individuals 
will be involved, such that Indlvidual monitorIng or subsequent control is not 
feasible or possible for any reason, then the general public guidance should 
be used and their exposure should be IImited to 5 rems per 30 years, or about 
0.17 rems per year. 


Some may advance the concept that the short duration of the exposure 
for Plowshare detonations provides increased latitude and tends to permit 
higher doses than those normally recommended for the general public. Such 
an approach is not to be recommended because even short-term radiation fevels, 
equa! to or approaching those established as acceptable for radiation workers, 
may not be without some deleterious effect to special groups within the general 
population, particularly those in early pregnancy. 


The very wide variations between the makeup of a worker population and 
a genera! population support the appropriateness of the pub!ic exposee or the 
general public timit guidance. Not many would advocate the exposure of 
pregnant women, children, the elderly, sick or chronically [tl to doses com- 
parable to those permitted safely to a select group of radiation workers or to 
a group whose exposure was monitored and was controltable to a reasonable 
extent. 


The ability to monitor and control the radfation dose to the population 
Involved should be realistically determined to decide if the public exposee or 
the general population guidance should be used. The radionuclides to be en- 
countered and thelr exposure path to and in the body should be determined so 
that the allowable dose for each radionuclide can be estabiished. The envi- 
ronmental pathways and dietary habits of the population can be used to deter- 
mine the permissible rates of Intake for each radionuclide. Dilution factors 
and radiation control practices appropriate to the specific needs of the 
Plowshare program can be defined--al! within the radiation protection guidance 
currently available. One really needs to practice the old cliche, "Expect 
the Unexpected,” in each step of this calculation. 


What about considerations arising from possible multiple sources of 
exposure? Others have recommended reduction factors for the general population 
limits of 10 or 100 to 0.5 rems per year or 0.005 rems per year in the assign- 
ment of acceptable dose accumulation rates to particlular radionuclides to make 
allowance for multiple radiation source contributions. Let's think about 
such calculations. They do not affect the basic dose guidance for Plowshare. 
They are a type of "allowance factor" to be applied in calculating doses to be 
permitted from particular radioisotopes. If, for a given Plowshare program, 
three radionuclides were present for ingestion and each of these had the whole 
body as the critical organ, then allowing 1/3 of 0.5 rems per year or 1/3 of 
0.17 rems per year for each radionuclide would be in order, however, the basic 
guidance has not changed. If some other unrelated source of exposure could be 
identifled, then an appropriate allowance also should be made for It. However, 
a practical analysis of the recommendations to use reduction factors of 10 or 
100 arbitrarily for ali Plowshare programs immediately runs into difficulty. 
White keeping radiation exposure at the lowest practica! level is our prime 
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and absolute objective, It is, however, not appropriate to prescribe mandatory 


control limits with unneeded conservatism. One should consider multiple 
radiation sources exposures of the generat public only as they become Identi- 
fled. It Is not necessary to develop Plowshare protection guidance from such 


a restrictive position. 


One can always consider the likelihood that a Plowshare population will 
also be In a position to recelve substantial multiple source exposures from 
unknown activities. With the IImited current Plowshare program and the diverse 
locations where future programs may be conducted, the potential for exceeding 
the poputation control !imits from multiple sources exposures unknowingly 
seems remote. To impose the more restrictive controts at this time Is to apply 
an unjust, improper benefit-risk burden on the developing Plowshare program. 


Guidance at 5 rems per 30 years or less also seems advisable when 
considering the use of Plowshare products by the general public. Consider 
the tritium contamination in Plowshare-assisted natural gas wells. The 
distribution of thls natural gas and its small amount of tritium to homes 
over very wide parts of the country can lead to the exposure of a very large 
population under unmonitored conditions. This is clearly a general population 
exposure in its fullest sense. 


One might consider the benefit-risk balance made by a family with 
respect to natural gas associated with Plowshare programs. | dare speculate 
that many a family would make the benefit-risk balance at a higher cost of 
gas and the absence or near-absence of tritium. Similar considerations 
enforce and support actions to very seriously keep radiation exposures as low 
as practical. There is more in the benefit-risk balance than company profits 
and technical safety. Each family will have its own criteria for measuring 
benefits and risks and hence, the general acceptability of Plowshare-I inked 
products. One should be reluctant to break with the long standing guidance 
on exposure of the general population in any Plowshare program. {+t would 
seem prudent to advise exposure contro! limits no more restrictive and no more 
liberal than those used for some time now. Any change would call for a complete 
review of the technical basis for change by the NCRP or FRC. 


We cannot arbitrarily decide what cost wil! be attributed to Plowshare 
radiation protection activities due to the selected radiation protection 
guidance or what cost can be devoted to ecological studies to support dose 
estimations. Each situation may be unique, and adequate Information needs to 
be collected before, during and after each program to demonstrate that a com- 
pletely safe program within the dose guidance is attained. The conditions 
of each Plowshare program wil! determine the cost required to provide total 
adequate, but not excessive, radiation protection. 


Two questions of thoughtful concern: What are the international legal 
aspects of programs on foreign soils? What recourse might occur if improper 
programs were planned or actually performed? The treaties authorizing U.S. 
Plowshare programs on foreign sol!s will undoubtedly determine the levels of 
exposure that will be anticipated. 
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Some international authorttative review body would seem to have a 
role to play In providing assurances that necessary and adequate precautions 
and care were taken in planning and executing each test. Perhaps an arm of 
the IAEA could provide this help. It will be a challenging task. It needs 
to be performed soundly, but on a very timely basis. An overseer--not a 
roadblock--ls needed. 


SUMMARY 


It. appears approprlate to evaluate each Plowshare program individually, 
providing the necessary studies and population considerations, so that one may 
use the correct dose IIimit guidance for determining acceptable conditions. The 
AEC and the Pubilc Health Service need to give careful attention to collecting 
and analyzing environmental exposures and dose data so that we may learn from 
experiences and assure safe conditions. We need to maintain the good record 
of the nuclear energy program by not making unsafe errors in estimating the 
consequences of any Plowsare programs. 


Plowshare can be performed safely. To do so requires good judgment, 
sound application of existing radiation protection guidance, and sufficient 
funding to meet the needs of practical safety programs. A safe approach 
using the public exposee or the general population dose control limits, as 
the situation may demand, is necessary to help\assure the rapid development 
of Plowshare programs. A high priority should be assigned to develaping methods 
to apply the existing radiation protection guidance so that Plowshare programs 
may proceed safely. 


There seems to be no doubt but that the peaceful applications of 
nuclear energy In Plowshare programs will develop as rapidly as funding and 
commercial opportunities present themselves. The safe history of the nuclear 
Industry, the long-term potential benefits, and the varied applications for 
developing Plowshare technology may be at stake if authoritative and sound 
radiation protection methods are not Incorporated in ali Plowshare applications. 
If Plowshare does not get off with a safe, wel! accepted record of radiation 
management and control, then Its potential benefits will be doubly difficult 
to develop. It would be a long and difficult task for Plowshare to attain a 
right finish after making a wrong start. 
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QUESTION FOR HERBERT M. PARKER 


From R. Duff: 


Will you comment more quantitatively about the non-linear effects 
of tow level radiation exposure recently discovered? 


ANSWER: 


Most radlation protectionists are generalists who have some com- 
petence in reviewing the work of others. It has taken three decades, 
remember, to get some sense into this despite the fact that the very 
best radioblologists in the world have been working on it. | think 
It would be very imprudent of me to comment at great lengths. | 
would refer the questioner to the genetic case which is the one, | 
think that socially is the most troublesome. | say that partly on 
the grounds that it's not too bad if we louse up this generation, but 
1 we louse up the next hundred generations, that's a different issue. 
Work in the area of genetics is essentially done through the out~ 
standing findings of Russel! and Russel! at Oak Ridge. Those of you 
who were at the other symposium | addressed about a month ago heard 
@ superb review by Dr. Russell in terms that those of us who are not 
geneticists, like myself, could really understand and | betleve that 
is going to be published by Lawrence Radiation Laboratory. | 
wouldn't know a finer quick reference to what really has been found 
out about effects of low dose rate and law dosage both, in this case 
of course In the mouse and carried over inferentially to the human 
case. Male and female cases are very different and there may be 
some experts In the room who would volunteer to fill this in more 
fully. 1 would rather not. 
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METHODS OF ESTIMATING POPULATION EXPOSURES FROM 
PLOWSHARE APPLICATIONS* 


Stephen Y¥. Kaye and Paul S. Rohwer 
Health Physics Division, Oak Ridge National Laboratory 
Oak Ridge, Tennessee 


ABSTRACT 


When estimating doses to populations it is necessary 
to divide the total population into groups that have param- 
eters of aimilar type and magnitude in order to identify 
eritical population groupe. Age groups constitute the most 

‘basic and generally useful way of dividing the total popu- 
lation for estimating dose. Models for estimating dose, 
particularly the internal dose from inhalation and ingestion 
of radioactivity, should be written as a function of age. 
The importance of considering age-dependency is emphasized 
by the fact that some of the internal dose parameters change 
by ae much aa a factor of ten for some radionuclides when 
comparing a one year old with an adult. A computer code 
called INREM has been written which can consider all internal 
dose parameters as a function of age. The major limitation 
in using this computer code for all radionuclides is the 
paucity of age-dependent input data for many radionuclides. 
Tritiwn, iodine, cesiwn, and strontiwn nave been studied in 
detail with INREM and the results and interpretations are 
discussed. Another code, EXREM, computes the external dose 
rates and cumulative doses from both beta particles and 
gamma photons from submersion in a radioactive cloud, sub- 
mersion in contaminated water and exposure above a contam~ 
inated land surface. ‘This code can consider up to 25 
Plowshare detonations and a variety of combinations for 
calculating doses and dose rates in relation to a detonation 
schedule. The importance of using both INREM and EXREM to 
estimate the total dose to a population group is stressed. 


INTRODUCTION 


Not many years ago almost all estimates of internal radiation 
dose were based on biological parameters developed for a notional 


*Research sponsored by the U. S. Atomic Energy Commission under 
contract with the Union Carbide Corporation. 
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adult radiation worker known as “standard man." The standard man con- 
cept has been useful for estimating radiation dose to the adult radiation 
worker. When this concept is applied to the general population, the dose 
estimates are inadequate because standard man represents only a relatively 
small group in the general population. Most health physicists recognize 
this shortcoming and considerable effort has been expended to develop 
methods for estimating potential doses to other groups in the population. 
Additional effort is justified here because potential sources of radi- 
atlon exposures to the general population are Increasing at a rapid 

rate. We do not mean to imply that every source of potential exposure 
represents a real hazard to man. Everyone knows that the atomic energy 
industry has an excellent record of safety both for the worker and for 
the public. The point which we wish to make here is that, In order to 
maintain this outstanding safety record, the expertise for estimating 
exposures to the general population must keep pace with expanded uses 

of atomic energy. i!n the past few years we have seen a phenomenal 

growth in nuclear power generation, and possibly In the near future we 
will see a beginning of the utilization of the Plowshare concepts. 

Thus, emphasis should be placed now on further development of methods 

for estimating the expected doses to various groups comprising the 
general population. 


Objectives for Estimating Dose 


Not all situations require estimation of expected dose; sometimes 
an upper limit or conservative estimate of dose is adequate. One of 
the most important objectives of a program for estimating potential 
radiation doses from a Plowshare application is to provide evidence of 
compliance with regulations and guidelines safeguarding the public 
health. Some of the recognized authorities publishing guidelines and 
regulations on radiation exposure limitations include the Internationa! 
Commission on Radiological Protection (ICRP), the National Council on 
Radiation Protection and Measurements (NCRP), the Federal Radiation 
Council (FRC), U. S. Atomic Energy Commission (AEC), and the state 
regulatory agencies. One of the hoped for achievements of the Plowshare 
sponsored research at ORNL is that present efforts to predict expected 
doses from various Plowshare applications will be successful in 
providing some of the necessary ground work for the FRC and AEC regu- 
tatory groups to set guidelines applicable in this area. Presently, 
there are no specific guidelines or regulations dealing with the pos- 
sible poputation exposures from Plowshare applications. 


The preliminary predetonation safety of the operation can be 
evaluated usually with conservative methods such as those recommended 
by Ng et al. of the Lawrence Radiation Laboratory. The technique 
which they have adopted for predicting the maximum radiation dose to 
man from internal sources Is based upon the specific activity concept. 
The conservative_aspects of thls approach were analyzed in detail by 
Kaye and Nelson,“ as were the many factors which could affect the 
usefulness of this approach for assessing the possible radiological 
consequences of activity releases. The limitations appear to be most 
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restrictive for terrestrial environments where there may be incomplete 
mixing and unequal availability of the radioisotope and its stable 
analogue. 


Ng and co-workers have emphasized that the preshot prediction 
should not serve the sole purpose of preshot rad-safe analysis, but 
it should also provide guidance for the post-shot documentation. They 
point out that this guidance may include where to measure, what to 
measure, and even the precision required for the measurements. Since 
the post-detonation analysis is based on actual measurements, it can 
be expected to yleld results which wil! be usefu! for improving the 
predetonation predictions of safety. 


We believe that there is a distinct possibility that the future 
of Plowshare applications may be influenced more by public acceptance 
than by any other important factor. Proposed operations may meet all 
of the requirements of the recognized authorities that have pertinent 
regulations and guidelines, but the public may not want to be sub- 
jected to any radiation dose resulting from a Plowshare application. 
We believe that public opinion will exert a strong enough influence 
to require very detailed hazard analyses which estimate the expected 
dose to each population group exposed by any peaceful application 
of nuclear explosives. 


Each new application may be expected to benefit from the lessons 
{earned from previous applications. Eventually, this feedback should 


result in an accumulation of data necessary to make good dose predic- 
tions. 


Essential Information for Dose Estimates 


The information required for a program to estimate dose to members 
of the general _public has been divided arbitrarily into five categories 
by Kaye et al.” for activity releases to the environment. The five 
categories of information are: 1) inventory of radionuc!ides produced 
and fractions released to the environment; 2) environmental dilution 
or concentration factors; 3) intake and/or exposure-time factors; 

4) biological parameters and habits characterizing the populations 
being exposed; and 5) dose-estimation equations. The extent of this 
information Indicates the complexity of dose estimation for the 
general public. A successful program requires the cooperation of 
many individuals and groups and careful integration of the essential 
information to provide maximum effectiveness in protecting public 
health. 


Modes of Exposure and Exposure Pathways 


A "mode of exposure" is the manner in which a person is exposed. 
The principal modes of exposure expected to be responsible for most, if 
not all, of the potential exposures from peaceful nuciear detonations 
are represented schematically In Figure 1. The modes of external 
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exposure are submersion in a radioactive cloud, exposure above a con- 
taminated !andscape, and submersion in contaminated water. The modes 
of internal exposure are inhalation and ingestion of radioactivity. 
For external exposure, the radiation source is exterior to the body of 
the person being irradiated; and when either the person or the source 
is removed, the person ceases to be exposed. Internal exposure is a 
different case because the radiation source is inside the body of the 
person, and the exposure may continue for years after the last Intake 
of radioactivity, if the effective half-time of the radionuclide In 
the body Is sufficiently long. 


Exposure pathways are the actual routes of exposure for a par- 
ticular mode. Consider the ingestion mode; the pathways for this 
mode are the different intakes of contaminated foods and beverages. 
Submersion in water would probably be made up of two pathways, bathing 
and swimming. 


The modes of exposure (and the exposure pathways making up these 
modes of exposure) which will result in the largest dose equivalents 
to the population groups depend upon many factors. Of primary impor- 
tance is the type of nuclear application, i.e., gas stimulation, ore 
fracturing, underground cavity formation, or cratering for a canal or 
harbor. Many applications will have to be evaluated separately before 
generalizations can be formulated regarding the importance of the 
various modes and pathways of exposure. 


Ecological Systems Analysis as a Method for Predicting the Expected Dose 


Although systems analysis is a relatively new technique to the 
field of ecology, it has been used successfully for a number of years 
in many other areas of science, engineering, and business. [n this © 
respect, we define systems analysis as the study of the dynamic be- 
havior of a system of coupled compartments. The major question to be 
answered with the systems analysis methodology is, "How much of the 
radtoactivity released to the environment will expose man both internally 
and externally as a function of time?" 


We visualize the coupling of compart:.cnts as routes for the 
transfer of materials between compartments making up the system. This 
may be represented graphically by a coupled compartment diagram, and 
differential or difference equations may be written for the Inventory 
of materials in each compartment. Because of the interconnections, or 
coup!ing of compartments, no one compartment functions on its own; 
the dynamic behavior of each compartment is determined by the net 
effect of all of the other compartments. Thus, it Is necessary to use 
a computer to Solve the equations to determine the temporal responses 
of all of the compartments making up a system. An example of a famil- 
lar system for health physicists is a pasture contaminated by fallout 
containing radiolodine. The gross compartments of interest In this 
system include sol!, runoff, forage, cattle, beef, and dalry products. 
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To utilize the systems analysis approach for assessing the expected 
dose from an environmental release, the following three steps are in- 
volved: 1) environmenta! measurements and experimentation, 2) param- 
eter Identification, and 3) systems analysis. The ecological research 
must be carefully planned and carried out to measure the environmental 
transfer coefficients which quantify the inter-compartmental transfers. 
The environmental transfer coefficients of a system are the most im- 
portant and unlque parameters required for systems analysis. The 
second step, parameter Identification, is applied to the field data 
which are plotted as a function of time. Parameter Identification is 
the actual assignment of a numerica! value to the coefficient based on 
experimental data. Problems of uniqueness and tlme-varying parameters 
are encountered here, but considerable he!p Is available from techniques 
available In other fields. Steps 2 and 3 are independent of the type 
of data (biological or physical) because these steps are mathematical 
and, as stated above, have already been highly refined by work in other 
fields, Many excellent systems analysis computer codes have already 
been written and may be used without major change for environmental 
hazards analysis. For Instance, the MATEXP and SFR-3 systems analysis 
codes wr|tten for nuclear reactor dynamics studies were used by Kaye 
and Ball" In the systems analysis of a coupled compartment model for 
radionuclide transfer In a tropical environment. The MATEXP code 
utilizes a transient analysis while the SFR-3 utilizes a frequency 
response and a sensitivity analysis which relates parameter uncertain- 
ties to performance uncertainties. Sensitivity analysis has great 
promise for Identifying critical pathways and critical population 
groups. If we let AR; represent the response of a compartment of 
Interest (change In concentration of radioactivity in a potential food 
item) to AP,, a change in a parameter (the environmental transfer co- 
efficient ig increased or decreased), then we can define sensitivity 
mathematically as 


eee eal eae (1) 


This relationshtp can be used to indicate which parameters are most 
accountable for the radioactivity in a particular food item and thus 
may suggest some remedial action to divert this radioactivity to a 
compartment which has negligible inputs to man. Complex environmental! 
systems which have multiple couplings with feedbacks are readily 
adapted to systems analysis if the transfer coefficients are known. 
Environmental transfer coefficients are not easy to determine and the 
need for them has not always been apparent. However, information on a 
few systems is already available In the titerature to formulate envi- 
ronmental transfer coefficlents which can be used in working models. 
Radioecological research underway at Oak Ridge National Laboratory 

is producing a body of information on radionuclide cycling which is 
useful for systems analysis. 
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Considerable emphasis is belng placed on systems analysis as a 
major technique in proposals supporting the International Biological 
Program (IBP), It may be that I8P will result In the first large 
scale test of environmental systems analysis, and thus lay the ground- 
work for more extensive applications In environmental dose estimation. 


DEVELOPMENT OF AGE-DEPENDENT MODELS FOR INTERNAL DOSE 


To identify the critical population groups, It {s necessary, 
when estimating doses to populations, to consider the total popu- 
lation in terms of homogeneous groups having parameters of similar 
type and magnitude. Age groups constitute a basic and generally use- 
ful way of dividing the total population for estimating dose. Models 
for astimating dose, particularly the Internal dose from Inhalation 
and Ingestion of radioactivity, should be written as a function of 
age. The Importance of considering age-dependency Is emphasized by 
the fact that certaln of the Internal dose parameters change by as 
much as a factor of ten for some radionuclides when comparing a one 
year old with an adult. If the exposure continues over a long 
enough period, the aging of the person becomes a factor, I.e., the 
blological parameters and the Intake function may change, and the 
internal dose computations should be made using the applicable input 
data. 


Guidance is given in ICRP Report 2 for developing equations for 
estimating internal dose to the various organs of standard man re- 
sulting from Ingestion and inhalation of radioactivity.” These basic 
ideas can be used for developing a model which has each term expressed 
as a function of the age of the individual. Such a model can be used 
to compute the dose as a function of age, which may be useful in 
identifying the critical population groups as recommended by the ICRP 
in Report 7.6 


Alt Organs Except the GI Tract 


The rate of change of organ burden B is given by 


e. lf = AB (uCi/day), (2) 


daily intake (uCi/day), 


where | 


pe 
" 


fraction of | deposited in the organ, and 


effective elimination constant (day |), 


» 
a 


This expression is a modification of Eq. (5) of ICRP Report 2, and may 
be expanded to apply to the it) radionuclide in the kt organ for a 
person born at th. The age of the individual at time t (usual ly 

t+ = 0 at the time of detonation) is t - t) and leads to the following 
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revision of Eq. 1 which is rearranged for solution as a non-homogeneous, 
first order, linear differential equation: 


dB 
ik ‘=, _ _ 7 
art MK 4 - tT) By at; (+ th +) ti t) (wCi/day). (3) 
Note that | is written as a function of age, t - th and as a function 


of time, t. This equation is now of the form 
B' + a(t) B= b(t), 


where a = \,, (ft - t,) which we let equal ae 


ik (r), and 


k 


b(t) = bls) = iF (s - th s) fix (s - th). 


In this formulation, both s and r are dummy variables. It follows that 
the solution to Eq. (3) for organ burden is given by 


t-t, + 
Bi, = exp [ dik (r) dr f ' (s-th, s) fi (s-th) 
oti ° 
tt, 
exp Aik (r) dr} ds (yCi) (4) 
at 


The dose rate dDj,/dt is simply the product of organ burden, 
times the effective absorbed energy per gram [e;,(t-tp)/m,(t-tp)] 
of critical organ, times a constant to convert MeV to rems, and is 
written 


dO, _ 51 Bit (t-th, +) €, (tet ) ; 
ot m, (t=) (rem/day (5) 

k b 

The next step is to write the integral form of the equation by substi- 

tuting the right side of Eq. (4) for Bi, (t-tp, t) in Eq. (5), and 

changing the sequence of integration so that we integrate first with 
respect to t as written here: 


556 


t s-t 


2 b 
Ditty ty, t,) = aif Cl, (s-t, s) fi (sot) exp i e deer) dr 
| 


[get t-Ty ‘ 
TW het) O*P - rik (r)dr] dt} ds + suf {1,(s-t),s) 
sk b “ty ° 
s-t t, €., (t-t} 
f. (s-t)) ex| f b h. Crddr ie a sa 
ik ing ik + m t- b 
b 1 
tat 
exp f Aue dr] dt} ds (rem). (6) 
-t, 


The limits of integration have been changed to account for the change 
in sequence of integration. It is implicit that for t < t,, t; and 
€j, are equal to zero. Both t and s In Eq. (6) are dummy variables 
and they may be interchanged to obtain the final form which applies to 
any organ except the GI tract: 


+ t 
D., t, t= 5tf 2 cet, ty t.ceretof 2 fin’sotp? 
ik 1 2 b + i b ik b + a (Set: 
1 Fm (Soh 
s-t, 
exp { A, @rdr] ds } dt (rem). (7) 
tt, 


Equation (7) above is the model which is programmed in the INREM code 
for cumulative dose to all organs except the G! tract. 


The retationships of the time variables used in Eq. (7) are 
illustrated with the following time scale: 


The reference point (t9) is usually set equal to the time of the first 
detonation for convenience. Alf other points in time are evaluated by 
their position relative to tg. The time of birth (t)) of the individual 
need not occur before tg as shown here; it may take on any value equal 
to or less than t,;. The beginning and the end of the time period for 
which dose is to be integrated are designated t, and t2, respectively. 
Radioactivity entering the body prior to t; is not included in the dose 
calculation; therefore, t; usually is set equal to the time at which 


557 


radtonucl lde Intake begins. The varlables t, s, and r are dummy vari- 
ables of Integration for the three Integrafs In the equation. 


This mode! Impiles a continuous intake changing with age and time, 
and at! other terms changing with age. Since the hand solution of Eq.({7) 
Is not practical, It Is In a computer code called {NREM. Great flexi- 
bility Is built into the code so that many radionuclides, body organs, 
and age groups can be handled in one run of the computer. The code 7.3 
handles standard-man calculations as wel! as age-dependent calculations. ’” 

The radionuciide Intake (yCi/day) is one of the primary input 
data required for an age-dependent calculation. This information is put 
Into INREM as "points" from a graph of pCi/day Intake vs. time since 
the reference detonation. There is one graph per age group and the 
number of polnts taken from each graph Is usually determined by the 
number of inflections in the curve, since the computer actually recon- 
structs the graph by a ltnear Interpolation between points. |INREM 
accepts up to 100 such Intake polnts per age group and up to 25 age 
groups. 


GI Tract as the Critical Organ 


For dosimetry purposes, the ICRP Report 2 recognizes the G| 
Tract as belng divided into four segments (stomach, smal! intestine, 
upper large Intestine, and lower large intestine). This requires that 
a different equation be written to estimate the dose to each segment 
as a result of the passage of radioactivity. Such equations must 
Include the time required for the intake to reach the segment of 
interest, the time required for emptying the segment, the mass of the 
segment plus contents, and the fraction of the ingested radioactivity 
which is absorbed by the blood. An alternative way of estimating 
the dose to the GI tract from any intake is to relate the intake to 
dose received from intake at the (MPC), or (MPC),. The advantages 
of this approach are that only one equation is required and that it utit- 
Izes the MPC for the critical segment which already has built into it 
all the factors mentioned above. 


If the maximum permissible dose rate is 0.3 rem/wk, then we can 


write 
0.3/7 = rem 
A, (MPC).. pCi (8) 
J "Jo 

where Aj = intake (cm?/day) of air (j=1) or water (j=2), and 

(MPC) 1 55, = the maximum permissible concentration (yCi/em>) 


of the IT? radionuclide in air (j=l) or water (j=2) 
where the ith radionuclide is soluble (a=!) or 
insoluble (a=2). 
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The dose from any single Intake can be computed by direct substitu- 
tion {nto Eq.(8) and by assuming that the simple proportion holds. 
Rewriting Eq.(8) by substituting the single pCi Intake, S;, for uC 
in the denominator gives 


0.3/7 S 


18) =>—s5~~—CiC« rom). 
IJa AS(MPO) D1, ($) 


This equation applles to standard man only, and must be multiplied by 
a modifying factor, h (%), to make It age dependent. The dose to a 
person In the xt age group Is given by 


0.3/7 S,h(2) 

D,, (2) = pee SC) (10) 
Ja Ay MPC) 

for a single Intake. The subscript n Js an Index for standard man. As 
written In Eq.(10), h(2) Is the product of three modifying Internal 
dose variables found In Eq.(14) of ICRP Report 2, and which are ratioed 
to thelr respective standard man values. Other variables, such as 
residence time of food in the critical segment could be Included also, 
but no body of age-dependent data is available for these parameters. 
Thus, 


/e, 


* €ypq/Fing * Tieja/f (1) 


h(2) = m,/m, Inja ’ 


where m, = mass (g) of the critical segment of the GI tract of an 
individual 


“I 


in the 2th age group, an 
= effective absorbed energy (MeV) of the i radionuclide of 


type a in the critical segment of the GI tract of an 
Individual in the &'"' age group, and 
Figig = fpaction of the intake from inhalation or ingestion of the 
J i radionuclide of type a reaching the critical segment of 
the G1 tract of an individual in the gth age group. 


La 


As a matter of convenience for simplifying the final form of the model, 
tet 
PL (tty) = m/m ; 


Q, 


ja (tty? = © hea!" tng? and 


Ri jaltty) = Fraja/Finja, a2) 


where t-t) Is the age of the Individual In relation to the reference 
time as defined for the model for all organs except the GI tract. 
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lf we assume a continuous intake of '; uCi/day as a function of 
age and time, the cumulative dose model can be written in the integral 
form after substitution of the age-dependent correction factors for h(2): 
t 
= 2 _ - 
Di jalty tot? = _ 0.3/7 14-4, 1) PL t,) O54 °t t,) Rifaet tddt 
A. (MPC), . 
jn ija t, 


Equation (13) is programmed in the INREM code for calculating cumulative 
dose to the GI tract. 


Genetic Dose 


Genetic dose is considered at the leve! of the individual and at 
the population level because separate radiation safety guidelines are 
available for each. The genetic dose to an individual is determined 
on the basis of the dose estimates provided by the !NREM and EXREM codes, 
supplemented with any additional information which will improve the 
assessment of the expected gonad dose. At the population level, genet- 
Ically significant dose is the factor requiring evaluation, Genetically 
significant dose is defined in the 1958 Report of UNSCEAR! as the dose 
which, if received by every member of the population, would be expected 
to produce the same total genetic injury to the population as do the 
actual doses received by the various individuals. Estimates of genetic 
doses to individuals are used in conjunction with demographic information 
to evaluate the genetically significant dose to the population. The 
formulation used for that purpose is adapted from the 1958 Report of 
UNSCEAR. The genetically significant dose is given by 


WN : dt Ne wt (rem) (14) 

where 

* denotes the sex, 

k denotes the age group, 

D = geneticalty significant dose (rem), 

w = future number of children expected by an average individual, 

N = total number of individuals in the population, and 

d = gonad dose (rem) of an individual. 


DEVELOPMENT OF MODELS FOR EXTERNAL DOSE 
In considering external exposures, one must first decide on the 


precision required so that appropriate mode!s can be developed. Some 
of the factors that may be given consideration are concentration 
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(13) 


gradients, terrain roughness, shielding, build-up, distances from 
contaminated surfaces and volumes, and cloud direction and speed. 

Each of these factors may be expected to affect the dose rate at the 
location of interest, and each should be considered for a detailed 
calculation where the source, geometry, and environmental! factors are 
well defined. This detailed approach is not practical in a genera! 
assessment of external exposure from a large number of nuclides at many 
locations over thousands of square miles. 


We have developed a computer code called EXREM which computes 
doses and dose rates for the three modes of external exposure mentioned 
ear|ier--exposure above a contaminated surface, submersion in con- 
taminated air, and submersion in contaminated water. This code is 
tailored to our present requirements, but can be modified easily as the 
requirements change. Since some proposed Plowshare projects require 
multiple detonations, the EXREM code is able to handle up to 25 con- 
secutive detonations and perform the necessary bookkeeping for build-up 
and decay of up to 200 parent and daughter nuclides starting at the 
time of the first detonation and continuing to any time of interest. 
The models programmed for submersion in air and water are the adiabatic 
type; that is, the contaminated medium is assumed to be infinite in 
extent and of uniform concentration. When this is not the condition, 
the dose estimates wil! be proportionately conservative. 


The total external dose equivalent {rems) from beta particles 
(q=B) or gamma photons (q=y) of the i radionuclide at the 2% 
location accumulated from exposure from t, to to for the qt mode of 
exposure is denoted by 


12 
TO nga ty ty? = tial Cig g(tidt (15) 
where i = radionuclide index, 


= radiation index(8 for beta radiation; y for gamma radiation), 


exposure mode index (w for water; a for air; s for surface), 


~ OO 
" 


= location index, 
t, = time (hours) for beginning of exposure, 


to = time (hours) for ending of exposure, 


3 2 
_ 2, rem-cm Ss =a. (cemecm 
Osh = dose-rate factor UCGithr for p=w and p=a; Ceiehr for p=s], and 
Ci nel?) = concentration [(uCi /em?) for p=w and p=a; (Ci /em*) for p=s] 


at time t. 


The EXREM code calculates Dig separately for both and y~ radiation 
from a mode! appropriate for Fhe mode of exposure p using input data for 
radionuclide i. The models used in Big code for the various modes of 


Digp have been described previously.®> 
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The concentration, C; git), is derived from the nuclide chain 


equations for radioactive decay. 


For a single environmental release, an 


explicit expression for the concentration at time t of the i radio- 
nuclide in a pathway is denoted by 


ce exp(-a,T), i=1, 


th 


h 


pr 
Cina’? = 
c 9 OXP(-A, TI4T 
#P : k=l 
where 
Ts t-ty ; 
i-1 » ft 
Ww ut = 1 if keiel , 
=k [aoe 
aj 
exp(-A.T) - exp (aT) 
A ee ane Se ee eee ee 
Ye Osa JT , 
es | 
a; = 
f = fraction of nuclei of the i 
iaist nuclide in the pathway, 
ty = time (hours) of environmental release, 
oO. 
ips = Spia’i’ 
pie = location correction factor for the ith 
mode of exposure, and the at location, 
Y= 


radionuclide, the pt 


and 


yield (yCi) of the environmental release. 


radiological decay constant (hours!) of the iat radionuclide, 
radionuclide which decays to the 


n 


To determine the concentration of a radionuclide in a chain con- 
taining more than one pathway, contributions for the nuclide are summed 
for each pathway which is unique up to that radionuclide. 


The concentration, yC 
sulting from M environmenta 
where 


o c 
Sipe = MtSipa’tM * 


and where 


g 


pelt), at time t of the 


jth 


radionuclide re- 


releases is obtained by evaluating Eq.(16) 


pieM’im ? 
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(17) 


= time (hours) of the wth environmenta! release, 


‘M 
Te tot, 
9p i eM 7 pig for the wth environmental release, 
Yom = Y; for the uth environmental release, and 


c {t,,) = the concentration at time 1, of the iy radionuclide resulting 


M~Ivipa M 


from the first M-1 environmental releases. 


Obviously, only digital computer solution is practical for the external 
dose model because the complexity of the caiculations involves multiple 
detonations, decay chains with branching, several! modes of exposure, 
and the large number of radionuclides usually considered. The EXREM 
code has flexibility in handling problems of varying complexity. Up to 
fifty dose rates and/or total doses may be computed for each nuclide in 
each mode of exposure. This code prints out separately the doses and 
dose rates from the gamma photons and the beta particles of each radio- 
nuclide, as well as the total dose and total dose rate by summing the 
beta and gamma contributions (for some assessments, dose rate as wel 

as total dose is important). The latest vepsion of this code is described 
in more detail in a publication by Turner. 


USING EXREM AND INREM TO ESTIMATE DOSE 


A simple problem is postulated to apply the methodology discussed 
in this paper. There are two reasons for including this problem. First, 
to identify the type of input data required to carry out the computations, 
and, second, to illustrate the format of the results of the dose compu- 
tations for a cratering type of Plowshare application. 


Many radiological-assessments of a contaminating event are based 
on conservative assumptions. Frequently, life-time or infinite gamma 
doses are calculated for external exposure with the assumption that the 
radiation field decreases as a function of time due to radioactive decay 
only. Actually, this condition represents the upper limit, because 
environmental factors such as !oss of radioactivity to surface waters 
from erosion, infiltration into the soil profile, wind, removal by 
animals, plowing, etc., will tend to decrease the radiation field also. 
Radioactive decay can be viewed as a loss of radioactive atoms from 
the system, commonly denoted by the radioactive decay constant, i,-, 
and the environmental Inputs and losses can be described by the 
algebraic sum of the appropriate transfer coefficlents. For simplicity, 
we consider only the net coefficient here, denoted as the environ- 
mental transfer coefficient, Ag, which leads to the relationship 


= + 
x Xe », ? (18) 


where \ is defined as the effective decay constant. Substituting the 
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corresponding half-times into Eq.(18) gives the following relationship: 


Tote 
T= TT ; (19) 
where 
T = effective half-time, 
‘= environmental half-time, and 
Te = radioactive half-life. 


In the treatment of the hypothetical problem which follows, we compute 
both expected doses using T = TgTr/TetTr and conservative doses using 
T = Tr and compare one with the other. 


The levels of radioactivity we choose are completely arbitrary 
and are not related to any real Plowshare applications. Figure 2 is a 
block diagram representing in abstract form the problem we postulate and 
analyze in the following pages. 


The type of application postulated is a project requ {cing two 137 
cratering detonations which vent to the atmosphere. Only Cs and 
are vented, leading to exposure of the population by the modes shown in 
Figure 2. 


Ba 


Outline of Hypothetical Problem 


|. Source Term 


A. Production vented per detonation = 1 Ci 1376-137 p55, 


B. Detonation schedule: Det. No. 1 at t=0 and Det. No. 2 at t=30 days. 
Il. Radioactive Cloud 

A. Time to reach the location of interest = 4 hours. 

B. Time to pass over the location of eva = 1 hour. 

Cc. Congentration in cloud = 10°yCi x 107 "4 em? = 10-8 .ci /em?, where 


107'47cm>"is the location correction factor retating the fraction 
vented and the concentration per cmof air at the location of interest. 


0. Inhaled bat per qetonation by a person in the gth age grgup = 
107 8 Ci /om> x cm” air breathéd in 1 hour by that person. 
I{1. Deposition of Fallout on Landscape 


A. Exposure to contaminated landscape. 


1. Concentration = 10°uci x 107 '?/em* = 107 uCi/em’, 


where 10713 fom? is the location correction factor 
relating the fraction vented and deposition per cm 
of land surface at the location of interest. 
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8. 


Height above landscape for which dose is to be 
estimated = 100 cm. 


Environmental half-time of '37cs on the land surface = 
year; thus, the effective half-time of 137¢s on land 
surface is 0.97 years. 


Ingestion of food. 


1. 


3: 
4. 


1 


Age-dependent parameters in the INREM code are evaluated 


with the information in Tables 1 and 2. 


Maximum concentration of '3/¢s in food after each 
detonation = 10°7yCi/g; the maximum is reached on 
the 14th day following the detonation. 


Radionuclide intake (uCi/day) = I' x C. 
Effective half-time of '3/cs in the food is one year. 


IV. Transfer of Radioactivity to Surface Waters 


A. 


moo @ 


Submersion in water. 


1, 


Concentration = 109ci x 107'3/em> = 107/uci/em?, 

where 107'°/cm? is the location correction factor 

relating the fraction vented and the concentration 
per cm? of water at the location of interest. 


Use factor = 0.5 hours/day. 


Environmental half-time of '3’cs in the sur face water 
is 20 days; thus, the effective half-time of '37¢5 in 
surface water is also 20 days. 


Ingestion of water. 


1. 
2. 


Treatment similar to item IIIB. 


Maximum concentration of 137¢5 in qurface water 
after each detonation = 1079 uCi /em 3 the maximum 
is reached on the second day following the detonation. 


Effective half-time of !37cs in the surface water is 
20 days. 


Population 
A. 


Demographic data included in Table 3. 


Median age = 28 years. 


NM 


wh 


NF = 5000. 


wF, 


w for entire population estimated at 1.3 based on current 
U. S. values for population size, birth rate, and life ex- 
pectancy at birth. 
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Results of Calculations for Hypdthetical Problem 


The cumulative total body dose curves generated with the INREM and 
EXREM computer codes for al! modes of exposure are shown in Figure 3. 
Only estimates applicable to adults are plotted for internal dose. 
Submersion in the radioactive cloud is unique because the exposure fasts 
only a relatively short time (one hour in the case of the example 
problem). Consequently, the radioactive half-life is used for this 
calculation because the source term represents an average concentration. 
The expected cumulative dose due to submersion in contaminated water is 
so low (3.5 x 10°” mrem) that it does not appear on this graph. On the 
other hand, Figure 3 shows that drinkIng the same water results ina 
dose commitment of 2.2 x 10°? mrem, almost one hundred times larger. 
Obviously, Increasing the use factor from 0.5 hours per day for submer- 
sion in water to 2 or 3 hours per day would not result in doses even 
approaching those from drinking the same water. The magnitude of the 
differences In doses here }s independent of the concentration of radio- 
activity in water, but is dependent on the type and energy of the 
radiation emitted. A similar comparison can be made of the relative 
hazard from submersion In a radioactive cloud and simultaneously breath- 
ing the same air. From Figure 3 it can be seen that inhalation of radio- 
activity results In an internal dose almost four times as great as the 
external dose from submersion in the radioactive cloud. It seems probable 
that the dose from inhalation will always be higher than the submersion 
dose, especially for radionuclides having a long biological half-time. 
The expected doses which are plotted for ingestion of contaminated food 
and exposure to a contaminated land surface are strictly functions of 
the arbitrary input parameters and are not intrinsicly related as 
are the dose estimates for submersion in water vs. drinking water and 
submersion in air vs. inhalation. It is interesting, nevertheless, to 
compare the expected dose (effective half-time = 1 year) from the land 
surface to the conservative dose (effective half-time = radioactive 
half-life = 30 years). Essentially all of the expected dose is ac-~ 
cumulated by the fifth year after the initial detonation, whereas the 
conservative dose is considerably higher and still increasing after 
60 years (the asymptotic condition is not approached until approximately 
150 years). The magnitudes of the expected and conservative doses 
from the contaminated tandscape are entirely dependent upon the arbi- 
trary cholce of effective half-times for this hypothetical case, but 
it ralses a question that merits further consideration. For any dose 
Integration perlod, what is the magnitude of conservatism of dose cal- 
culated with 


Tes se (conservative dose) vs. a dose calculated with T = 


TT 


(expected dose)? If F(t) represents the magnitude of conservatism for 
a specified time period due to use of the radioactive half-life only, 
then 

DL (t) 


F(t) = ca ’ (20) 
T 
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where Dy (t) = cumulative external dose calculated with radioactivity 
r loss due only to radioactive decay, and 


0..(+) cumulative external dose calculated with radioactivity 
T P : 
losses due to environmental factors and radioactive decay. 
Substituting a simple integral expression (assuming no input from parent 
radlonuclides) for dD, (t) and Dh), we get 


. 
k Art dt 
ye Me as 
Ce ier eee (21) 
« e° dt 
fe} 


where k represents all constant terms necessary to compute dose. Sol- 
ution of Eq. (21) gives 


TL = e“r') 
F(t) = ——___— (22) 
Tes ety 


The equation for estimating the magnitude of conservatism due to exclusion 
of the environmental half-time in dose computations. The utility of 
Eq.(22) is explicit in the family of curves plotted in Figure 4 for 

ratios of T-/T as large as 100/1. Figure 4 shows that after 5 years a 
cumulative dose calculated with T = T, = 30 years would be conserva- 

tive by a factor of about 3.3 when compared to a dose calculated with 

T= 1 year. The curves for land surface in Figure 3 verify this con- 
servatism factor. Figure 4 can be used for a wide variety of assess- 
ments; its use requires no additional calculations of dose, and the 

time scale can be designated in any convenient time units. 


A large portion of the expected dose Is accrued during the year 
following the first detonation as shown in Figure 5. Even with the 
greatly expanded time scale of Figure 5 (compared to Figure 3), the 
dose from submersion in contaminated air appears as a step function 
because the total exposure time is only one hour in each case. This 
is in sharp contrast to the steadily increasing dose which results 
from inhalation during the same one-hour exposure periods. The 
cumulative dose from inhalation ceases to increase after a few months 
and this ig entirely a function of the effective half-time in the body. 
1¢ 137cs-!37Ba were taken up appreciably by bone, it might take years 
instead of months for the maximum dose to be attained. The remainder 
of the curves plotted In Figure 5 reflect the influence of environmental 
half-times on externa! exposures or the combined effects of the environ- 
mental half-times and effective half-times in the body on internal 
exposures. 


The importance of estimating dose as a function of age when assess- 
ing population exposures has been pointed out in this paper. Example 
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problems presented elsewhere include detailed discussions of the age- 
dependent parameters in the INREM code, emphasizing the need for data 
describing the population for which dose estimates are being made, /+13 
The input data for the INREM code for this hypothetical problem are 
given in Tables 1 and 2. Although the variation of one of the age- 
dependent parameters may appear to make it controlling (as does total- 
body mass In this case, see Table 1), our previous work has shown that 
the smaller variations of other age-dependent parameters should not_be 
neglected when estimating expected doses for various age groups. ’» 

The accumulation of dose from interna! exposure is shown in Figure 6 

as a function of time and age at the start of intake. With the exception 
of the first exposure year, the various age groups retain their relative 
positions throughout the exposure period. If we assume that all age 
groups have equal blological sensitivity to radiation exposure, those 
individuals 10.5 years of age at the time of the first detonation com- 
prise the critical population group on the basis of this analysis. 

While it Is of Interest to !dentify the critical population group by 
age, it is {Important in population exposure situations to identify the 
age at a specific point in time. These identifications are necessary 
because one age-dependent parameter (dally radionuclide intake) is 
dependent not only upon the age of the individual, but also upon the 
radionuclide concentrations in the Intake media. Radionuc{ ide concen- 
trations in the Intake media may vary considerably as functions of time, 
particularly in transient exposure situations where the concentrations 
attain peak values for brief periods and then dectine steadily. The 
parameters currentty programed in the INREM code as age-dependent 
variables undoubtedly will be shown to be functions of additional! factors. 
For example, the effective half-time term (T,) may require evaluation as 
a function of amblent temperature as weil as age. As we improve our 
capabilities for estimating doses to populations, ever Increasing 
specificity will be required to identify the critical population group. 


The estimated genetic doses to Individuals within the various age 
groups are given In Table 3. We assume the genetic dose is equal to 
the estimated total-body dose due to internal exposure plus the estimated 
external dose. There is very IIttle difference among these estimated 
genetic doses, primarily because external exposure constitutes approxi- 
mately 75 percent of the total dose; and external dose, as currently 
estimated with the EXREM code, Is not age dependent. The genetically 
significant dose to the population is estimated to be 0.386 mrem, 
slightly exceeding the highest Individual genetic dose estimate. This 
undoubtedly results from the assumptions used in evaluating the future 
child expectancy factor (w). However, one would expect the genetically 
significant dose to approach the individual genetic dose in this situ- 
ation for two reasons: 1) every individual in the population receives 
approximately the same genetic dose, and 2) the median age (28 years) 
of the population Is wel! below the age (50 years) assumed as the upper 
age IImit for child bearing. 
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CONCLUS IONS 


Estimating radiation doses to populations from Plowshare appli- 
cations is a difficult and complex task. The assessment is difficult 
because more bioenvironmental information than is presently available 
is needed in order to make the assessment realistic. The desired | 
input includes information on the source term, release and movement 
of radionuclides in the environment, biological and demographic 
characteristics of the populations exposed, and dosimetry parameters. 


We believe that an important objective in assessing population 
exposure situatlons should be to derive the best estimate of the 
expected dose from all modes of exposure. Furthermore, knowledge 
of the expected dose from each Important exposure mode Is a prerequisite 
for setting specific guidelines and regulations for Plowshare appiica~ 
tions. Such dose estimates must be made carefully for another reason-- 
they witl be scrutinized by a public that will want to know the best 
estimate of the dose (risk) froma given Plowshare application (benefit). 
There is every reason to believe that the public will be extremely 
interested in all Plowshare applications, and that the success of Plow- 
share may very well depend upon the public's acceptance of the risks 
involved. 


Estimating expected doses requires knowledge of the deposition 
and redistribution of radionuclides in the environment as well as com- 
plete account of product utilization. Systems analysis offers promise 
for predicting the amount of radioactivity released from given Plow- 
share applications that may expose man both internally and externally. 
The systems analysis technique is well suited for this application 
because it is a powerful predictive tool capable of evaluating complex 
situations. Data already obtained from field studies can be used in 
systems analysis, but additional studies will have to be carried out 
to extend its application to Plowshare projects. 


Estimation of the expected dose as a function of age Is the first 
step toward identification of the critical population group. More 
data are required to evaluate the age-dependent parameters in the INREM 
code. These data, incomplete for many radionuclides at the present time, 
necessitate assumptions which lead to conservative dose estimates 
rather than the preferred estimates of expected dose. Currently, the 
critical population group, defined as that group expected to receive 
the highest dose, is oftentimes Identified by age relative to a given 
point in time. As our capabilities develop for estimating population 
dose, consideration of additional factors influencing dose wil! 
facilltate identification of the critical population group with greater 
specificity. 


The genetically significant dose is another important consideration 
in the overall evaluation of population exposures, particularly when 
large numbers of individuals are involved. The additional Information 
required for this estimate Is a demographic description of the population. 
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When all individuals within the population receive the same total 
expected dose, the genetically significant dose to the population 
approximates the genetic dose to the individual. I+ is unlikely, 
however, that the total expected doses resulting from Plowshare events 
will be equal for all age groups; in that case, the accuracy of the 
demographic Information ts as important as the accuracy of the age- 
dependent dose estimates for the ultimate estimation of genetically 
significant dose. 


Tne Plowshare Program encompasses a variety of applications. 
Each application, and perhaps each event, will have distingulshing 
characteristics; thus, each will require specific radiological -safety 
considerations. The methods presented here represent our progress 
to date In developing a comprehensive methodology for assessing the 
potential radiation hazards to the general population. This method- 
ology ts constantly undergoing revision as a result of experience. 
In spite of anticipated changes in methodology, the central theme 
will continue to stress the best possible estimates of expected doses 
to the populations affected by each significant release of radio- 
activity to the environment. 
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Table 1. Age-dependent parameters used in the INREM code to calculate dose to the total! body. 


aoe as . w = oe Ta 5 
(yr.) (days) (MeV) (9) f, ti, at Near Food 

(com /day) (cm”/day ) (g/day) 
0-1 17 0.48 8,000 0.75 1.0 5.4 x 10° 430 960 
1-5 18 0.52 15,400 0.75 1.0 7.0 x 10° 460 1045 
5-10 30 0.54 25,100 0.75 1.0 9.7 x 10° 625 1375 
10-15 46 0.55 41,000 0.75 1.0 1.4 x 107 810 1520 
15-20 54 0.57 65,000 0.75 1.0 1.6 x 107 950 1645 
>20 61 0.59 70,000 0.75 1.0 1.7 x 107 1000 1260 


1, F. McCraw, Radiological Health Data and Reports, 6, 711 (1965). 


2p, S. Rohwer and S. V. Kaye, Age-Dependent Models for Estimating internal Dose in Feasibility Evaluations 
of Plowshare Events, ORNL-TM-2229 (April 1968). 


3 international Commission on Radiological Protection, Report of Committee || on Permissible Dose for Internal 
Radiation, ICRP Publ. 2, Pergamon Press, London (1959). The ICRP values tor adult workers are applied to ali 
age groups in the absence of information on the possible age dependence of these absorption factors. 


AModi tied to inctude only the daily intake of tap water and beverages based on tap water. 


agricultural Research Service, United States Department of Agriculture Family Economics Review, Consumer and 


Food Economics Research Division (October 1964). 
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Table 2. Ingestion of '3i¢g (pCi/day) in food as a function of time after the first 
detonation. 
Time after 


i a pCi/day Intake in food at any time for individuals in each age class. 
tion 
(days) (0-1 yr) O-5 yr) (5-10 yr) (10-15 yr) (15-20 yr) (520 yr) 
0 0 0 0 0 0 0 
1 . 0096 .010 014 O15 016 .O13 
2 .019 -021 +028 .030 +033 -025 
3 -029 -031 +041 .046 049 -038 
4 .038 042 .055 061 066 .050 
5 048 .052 -069 .076 . 082 .063 
6 .058 063 -082 -091 .098 .076 
7 .077 084 oll 212 233 10 
8 13 235 219 +2) -23 .18 
9 .27 .29 +38 42 -46 .35 
10 46 .50 -66 73 .79 60 
\t .69 79 -99 1.09 1.18 91 
12 .86 «94 1.24 1.37 1.48 1,13 
13 94 1.02 1.35 1.49 1.61 1.23 
14 -96 1.04 1.38 1,52 1.64 1.26 
30 -93 1.01 i353. 1.47 1.60 1.22 
31 94 1.02 1.34 1.49 1.61 1.23 
32 -95 1.03 1.36 1.50 1.62 1.24 
33 +95 1.04 1.37: 1.51 1.64 1.25 
34 -96 1.05 1.38 1.52 1.65 1.26 
35 -97 1.06 1.39 1.54 1.66 1,27 
36 -98 1,06 1.40 1.55 1.68 1.28 
37 1.0 1.08 1.42 1.58 1.70 1.31 
38 1,05 1.44 1.50 1.66 1.80 1.38 
39 1.18 1.29 1.70 1.87 2.03 1,55 
40 1.37 1,50 1.97 2.18 2.36 1,80 
41 1.60 1.74 2.30 2.54 2.75 2.10 
42 1.77 1.93 2.54 2.81 3.04 2.33 
43 1.85 2.01 2.65 2.93 3,17 2.43 
44 1.87 2.03 2.67 2.95 3.20 2.45 
224 1.32 1.44 1.90 2.10 2627 1.74 
409 93 1.01 1.33 1,47 1.60 1,22 
589 - 66 272 +95 1.05 1.14 .87 
774 47 51 -67 «74 .8) -62 
1139 23 .25 33 -36 ~39 -30 
1504 12 12 16 18 .20 215 
1864 058 063 -082 -091 -099 .076 
3650 .0019 -0021 -0028 003 - 0033 -0025 
7300 0 ie) 0 0 0 0 
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Table 3, Table of Information retative to genetic dose. 
1 2 2 


k (years) qd, (mrem) Ne wh dy x Ne x Ww 
0-1 0.347 180 2.74 171 
1-5 0.336 800 2.74 737 
5-10 0.365 1,050 2.74 1,050 

10-15 0.379 1,000 2.74 1,040 
15-20 0.360 900 2.73 885 

20-25 0.355 740 2.38 625 

25-30 0.355 600 1.45 308 

30-35 0.355 550 0.70 137 

35-40 0.355 600 0.27 58 

40-45 0.355 600 0.06 13 

45-50 0.355 560 0.004 1 

50-55 0.355 570 0 0 

55-65 0.355 890 0 0 

65-75 0.355 600 0 0 

75-85 0.355 300 0 0 

>85 0.355 60 0 1 
10,000 5,025 


‘The total dose (external exposure + internal exposure) accumulated to age 


50 years, the age assumed to be the upper {limit for child bearing. 


zcalculated with information obtained from: U. S. Bureau of Census, 
Statistical Abstract of the United States, 1968 (89th edition), 
Washington, D. C. (1968). 
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Figure 1. Modes of Exposure. 
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Simplified Block Diagram of Hypothetical! Problem. 


Figure 2. 
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Utilizing Radioactive Decay as the Only Process Which 
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Figure 5. Doses Accumulated in the First Year Following the First 
Detonation for the Hypothetical Problem. 
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0-10 Years Following the First Detonation for the Hypothetical 
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QUESTIONS FOR STEPHEN KAYE 


From C. E. Nelson 


In your discussion, what "dose" were you talking about, skin dose, 
gonade dose, "whole-body dose," lung dose, or what? To what 
structure does "cumulative dose” refer? 


ANSWER: 


The radionuclide we were dealing with was cesium-!37 and the 
critical body organ for this nuclide is total body. So these were 
total body doses. 


From Frank Lowman: 


Microgram and microcurie frequency distributions of trace elements 
and radionuclides In plants and marine animals are log-normal extend- 
ing over an order of magnitude or more in most populations. Tipton's 
and Foster's data suggest that this may also be true for humans. How 
would one adjust considerations of Standard Man to protect the 3 to 
10% of the population group concentrating 5 to 7 times the arithmetic 
mean amount of a radionuclide concentrated by individuals of the 
population? 


ANSWER: 


You better send this one to the ICRP. This really is not a problem 
which we are able to deal with right now since, as Dr. Lowman has 
polnted out, this is true that most all of these measurements of 
stable elements In the biota and in the different organs of man are 
known to fottow the log-normal distribution and, of course, this can 
be handled nicely statistically, but there is this part of the popu- 
lation then which would be neglected when we are calculating doses 
based on the mean individual. |! think that this problem has been 
discussed by Or. Tipton who has conducted most of the analyses for 
Standard Man and | know It's something that she continues to work on, 
In fact, she has varlous models which show the statistical distribution 
of these concentrations in various populations. | don't think this 
problem actually comes under the heading of this paper and | would be 
glad to refer it to Dr. Tipton at some time for you, Or. Lowman. This 
really is in her area and the ICRP. It's not up to one individual, | 
think, to comment on something tike this. 


From Robert Patzer: 


Does the EXREM Code include inhalation of radioactive material from 
dry fallout which is re-suspended in air--for example by wind? 


ANSWER: 


The EXREM Code deals only with the external exposure, the radlo- 
activity which is outside the body. If the radioactivity is re- 
suspended, then we would calculate the dose due to Inhalation, If 
It's taken back into the body, using the INREM Code. 


From Robert Patzer: 


Does the INREM Code handle Intake of radionuclides from contaminated 
consumer products? For example--contaminated natura! gas to food 
and alr In a home. 


ANSWER: 


Yes, the Input to the INREM Code is microcuries per day and It makes 
no difference what the medium Is--whether it's water, food, It could 
even be with a slight little change In the mode! or the way we put 
the input Information in, it could be through a wound. 


From S. G. Bloom: 


You stressed age dependency in the INREM Code. What about the depend- 
ency on Intake rate? In particutar, aren't f, and Ay, functions of 
Intake rate? What are the relative errors in neglecting Intake 
dependency versus age dependency? How do these errors compare with 
the uncertainty in the blologica!l parameters? 


ANSWER: 


As the Code is now written, the lambdas are not a function of the 
intake rate, so wherever this Is known to Influence the elimination 
rate, we have not taken this into consideration. You have to under- 
stand that this a very genera!, working-type model which Is not 
Intended for any one little, specific application, like if you were 
only deailng with one pathway of exposure. If you were specializing 
In that with one radionuclide, you would develop a specialized model 
for that. But we're talking about a model which wil! handle hundreds 
of radionuclides, many different modes of exposures and it also 
considers all of the detonations so that we cannot write a model 
which would restrict its use. Therefore, It has to be general. But 
when we do have data on parameters, then we can make changes In the 
program. No computer program, as far as | am concerned, Is ever 
final. We are always updating this and our limitations here in this 
internal program are that we cannot find the necessary parameters for 
let's say most of the radionuclides as a function of age of the indi- 
vidual. We have it for tritium, for cesium, for strontium, for lodine. 
When we get out of that smal! little group, then we have some I[nfor- 
mation, but we have to fil! In with conservative estimates or 
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sometimes we fill In with the Standard Man values. But I'm sure 
that as time goes on, we will get more and more information so 


that we will be able to calculate the age dependent dose for many 
more radionuclides. This is our hope. 
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EXPOSURE-DOSE RESEARCH FOR RADIONUCLIDES 1N NATURAL GAS 


D. N. McNelis and R. G. Patzer 
Southwestern Radiological Health Laboratory 
U. S. Public Health Service 
Las Vegas, Nevada 


ABSTRACT 


The fate determination of specifie radtonuclides in 
natural gas stimulated by underground engineering appli- 
cattons te being examined. An experimental program, now 
in tte initial etages, te using gas artifictally labeled 
with krypton-85 and tritium under stimlated domestic 
situations. The following topice are betng investigated 
in thte etudy: 


1, The concentration of the radionuclides in a 
gas-heated home. 


2. The build-up of contamination on dppliancea 
in the kitchen environment. 


3. The concentration in foods as a function of 
radionuclide, food type and preparation. 


4. The maximum exposure plausible under specified 
condi tions. 


INTRODUCTION 


Since Its beginning, the Plowshare progratt has moved steadily 
forward fran the initial cratering concepts for canals, mountain passes, 
harbors and dams to underground engineering application concepts such 
ag economical methods for enhancing the recovery of petroleum, minerals 
and gas... I+ Is in this latter category, i.e., underground engineering 
applications, that we have addressed this study. More specifically, we 
are directing our initial research program at investigating certain 
parameters of natural gas from the Gasbuggy cavity. Gas field appli- 
catlons are being considered first because of thelr advanced status 
relative to petroleum products and minerals, proximity of users to 
the product, and the relatively short time from production to user. 


Project Gasbuggy, conducted jointiy by the U. S. Atomic Energy 
Commission, the E! Paso Natural Gas Company, and the U. S$. Bureau of 
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Mines was a nominal 26-kiloton nuclear explosive detonated on 

December 10, 1967, some 4,200 feet below the floor of the San Juan 
Basin in New Mexico. In addition to objectives of determining produc- 
tion enhancement and developing prediction capability and technical 
engineering knowledge, an additional goal of the experiment was the 
determination of the gas quality with respect to radioactivity. !f 
should be noted that Project Gasbuggy was an experiment and gas from 
the stimulated and surrounding wells is not being distributed to any 
consumer. 


A fission device would be expected to yield such particulate con~ 
taminants as cesium-137 and strontium-89, but the majority of such 
particulates would settle out or be filterable before use of the gas in 
any commercial or domestic application. Gas cleaners are usually 
required in a production plant to remove dust and solids in the lines. 
Filters, liquid bath scrubbers and dry cyclone scrubbers are types 
normally used and can have efficiencies for particulate material 
upwards of 99%, Many field production systems also use gas and liquid 
separators which collect liquid droplets from the stream. 


In addition, certain gaseous contaminants would probably be 
present. Some of the major gaseous isotopes resulting from a fission 
event are iodine-i31, xenon-133 and krypton-85. Al! but krypton-85 
have short half-lives, i.e., eight days or less, and could be allowed 
to decay prior to use of the gas. Krypton-85, with its 10.%-year half- 
tife, can be expected to be produced at about 20 Ci/kt for a typical 
fission explosive.2 The activation product, carbon-14 (5,568-year 
half-\ife), may also be produced in certain applications in sufficient 
quantities to warrant consideration. 


A fusion device could yield tritium (12.3-year half-life) up to 
amounts of about 5 x 104 Ci/kt.3 Concentrations in Gasbuggy gas from 
| to 7 months post-event remained at about 17 uCi/ft3 normal temperature 
and pressure (NTP) for tritium, and 2.8 uCi/ft? NTP for krypton-85.4 


OBJECTIVES 


The research project recently initiated at the Southwestern 
Radiological Health Laboratory is directed at determining the ulti- 
mate fate of those radionuclides in gas which, because of their half~ 
life and concentration, could be of concern, e.g., tritium, krypton-85 
and perhaps carbon-14. The two major objectives of this study are: 


|. To develop human exposure and/or dose estimates from 
experimental data such as: 


a. Concentration of radionuclides in various 
foods prepared under realistic conditions on 
or in a gas range. 
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b. Concentration of radionuclides in a home where 
unvented gas appliances such as space heaters, 
dryers, water heaters, refrigerators and 
ranges are used. 


c. Buildup of the contamination on appliances 
and home surfaces in the vicinity of the com- 
bustion equipment. 


2. To suggest values for radiation concentration guides 
for specific radionuclides in gas (RCG)G for commercial 
and domestic use. 


CALCULAT| ONS 


There are several calculations which may be performed to yield 
a suggested (RCG)g for tritium in natural gas. Some of them, partic- 
ularly those which rely on consumer habits and habitat, are fraught 
with assumptions. Variations in assumptions for the number, design 
and use of the different domestic gas appliances and in dilution 
volume and ventilation rates for a home can induce a wide range in 
derived (RCG)g values. 


In this report the term specific tritium activity is defined as 
the tritium concentration per gram of protium (yCi/g hydrogen). Two 
calculations are presented which extend the calculation to a theoreti- 
cal limit because of the assumption of maximizing the specific tritium 
activity in man and his food water. They are used to highlight areas 
where experimental measurements are essential. The calculations are 
performed first for a continuous occupational exposure situation and 
then the (RCG)g for the general population is discussed. 


The first of these calculations considers only ingestion of 
tritium via water in foods and beverages prepared on or in a gas 
range. The maximum permissible concentration of tritium in water 
(MPC), for continuous occupational exposure as accepted by the Inter- 
national Commission for Radiological Protection (ICRP) and the National 
Committee on Radiation Protection (NCRP) is 0.03 yCi/cm3.5+6 The ICRP 
report also cites 2,200 om3/day? as the water intake through food and 
fluids for a standard man. The standard man could then continuously 
ingest 0.03 uCi/cm3 x 2,200 cm3/day or 66 uCi/day as tritium oxide 
(HTO) in his food and water. However, only that portion of his food 
which is cooked is assumed to contain tritium, and at concentrations 
dependent on its water content. 


The standard man's water intake is assumed to be distributed 
between three classes of food: 


|. Meat, fish and poultry (m, f, p) 
2. Beverages (b) 
3. Vegetables (v) 
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A sampling of 3] vegetables and 36 various "main course items," 
i.e., meat, fish or poultry, from a USDA8 listing shows that the average 
water content for the cooked vegetables is about 88% and for the cooked 
meats, poultry and fish about 51%. The per capita diet in the United 
States for 19679 shows that the average daily individual consumption 
is approximately 270 grams of meats, fish and poultry, al} 
of which are assumed to be cooked for the purpose of this calculation. 
In addition, 404 grams of vegetables are eaten daily of which 80% is 
assumed to be cooked. Coffee, tea and cocoa in the powder form are 
about 3.2% water and average about 98% water content as beverages. The 
18.8 grams of powder consumed daily is equivalent to 18.2 grams dry 
or 910 grams as beverages. 


(f a tritium intake of 66 uCi/day from cooked food water is 
permissible then the acceptable concentration in food water is: 


uci Total H20 intake (2,200 g) : uCi 
(MPC) (0.03 “3-) x FooHtake from cooked foods (i3TZgy * 9:05 —F~ 


For a particular class of food the projected intake rate would be: 
0.05 uCi/g x fraction by weight of H20 x consumption (g/day) = uCi/day 


The tritium can be distributed over that portion of the diet 
assumed to be cooked in the following manner: 


0.05 wCi/g x 0.51 (water content) x 270 g (m,f,p/day) 6.93 uCi /day 
0.05 wCi/g x 0.88 (water content) x 323 g (v/day) 14.26 wCi/day 
0.05 uCi/g x 0.98 (water content) x 910 g (b/day) 44.81 uwCi/da 
Total 66.00 uCi/day 
The specific tritium activity in a given food will depend on the 
amount of tritium that is exchanged with protium in the food solid and 
water, The maximum value would be obtained in the hypothetical case 
of assuming that al! of the hydrogen is exchangeable and ailowing the 
exchange to equilibrate. In this first calculation we assume that 
only hydrogen in the water fraction exchanges and that there is no 


tritium enrichment factor introduced by a concentration mechanism in 
the food. 


For the combustion reaction: 
CHa + 202 + C02 + 2H20 


the tritium in the gas is expected to be completely converted to HTO. 
The combustion of each standard cubic food (scf) of CHg (0.7168 g/l) 
yields 45.7 g of H90. The tritium concentration in the gas necessary 
to yield the (MPC), value in body water under the foregoing assumptions 
would be: 
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45.7 g H20 0.05 uci _ = 
Sct CHa x “9 Hy0 2.28 uCi/scf CH4 

The second calculation, based on maximizing the specific tritium 
activity in man, is broader in scope but only slightly more restrictive. 
The major assumption is that the specific tritium activity in any 
human exposed to the gas combustion products could not, in the absence 
of any enrichment mechanism, exceed the specific activity in the gas. 
This is true for infinite inhalation, ingestion and absorption insult. 


Hydrogen accounts for about 10% by weight of the human body, and 
the limiting specific activity can be calculated from the maximum per- 
missible body burden for occupational exposure, i.8., 10> yCi. Fora 
70 kg man this amounts to 0.14 uCi/g of Se Since a standard 
cubic food of CHq4 weighs 20.3 grams of which 5.08 grams are hydrogen, 
the theoretical limiting concentration is: 


0.14 wCi/g x 5.08 g of H/scf of gas = 0.71 wCi/scf of gas 


Since a large fraction of a population could be exposed to radio- 
nuclides by extensive application of gas field stimulation programs, the 
general population genetic dose guide of 5 rem/30 years or 0.17 rem/year 
is applicable.!0 This guide is 1/30 of the occupational guide of 5 
rem/year. The values in the gas from the two calculations become: 


{RCG)g (based on Limp ting Sp3H activity | in food water) = 
1/30 (2,28 x 106 pCi/sct) = 7.6 x 104 pCi/sct (CH4) 


and 


(RCG)g (based on limiting Sp3H achivi ty, in body protium) = 
1/30 (0.71 x 10° pCi/sct) = 2.4 x 104 pCi/sct (CH4) 


(f we had applied (a) the correction factor of 0.1 recommended 
by the NCRP!! and in Title 10, Code of Federal Regulations, Part 20!2 
for permissible levels of radiation in unrestricted areas and (b) a 
correction factor of !/3 suggested in the Code of Federal Regulations 
for time averaging of suitable samples of the population, then the 
same guide of 1/30 would be applicable. 


The foregoing calculations are, like other RCG calculations, 
inherently limited because of assuming there is no additional internal 
or external dose contribution from other radionuclides. Neither of 
the two values is presented to suggest a maximum permissible concen- 
tration of tritium in gas but rather to suggest a point of departure 
for the calcultion of realistic values. The values calculated are 
very conservative because they are based on the worst possible condition, 
that of the specific tritium activity in man or his diet attaining the 
same value as that in the gas. Although these values would give 
assurance that individuals in the population would not receive radiation 
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doses from tritium in excess of appropriate limits, they may lead to 
unreasonable ltimitations in the development of nuclear energy utili- 
zation. 


STUDY DESIGN 


The studies at the Southwestern Radiological Health Laboratory 
are designed to yield experimental data which can be used as input for 
realistic (RCG)g vatues for each of the radionuclides of concern. 

The philosophical considerations in setting a reduction factor for 
use of the gas by the genera! public are beyond the scope of this 
study. 


The experimental program recently has commenced with the setting 
up of a small 2,000-cubic foot laboratory which contains six fume hoods, 
each having an exhaust capacity of about 1,000 cubic feet-per-minute. 

A conventional domestic gas range has been installed with a metered 
inlet manifolded to attow for either contaminated or clean gas to 
enter the combustion chambers. The gas pressure and flow rate are 
recorded throughout an experiment. The range burners themselves are 
equipped with electronic ignition to eliminate problems associated with 
a pilot light. 


Commercially available technical grade CHy which contains 
5 pCi/scf tritium in one case and 5 uCi/scf krypton-85 in the other, 
was procured for the initial phases of the study. The original plans 
to use gas from the Gasbuggy cavity had to be altered for a number of 
reasons. Although pre-shot methane levels were in excess of 85%, in 
samples one to seven months post-shot methane accounted for only 37 to 
44% of the total gas in the cavity. Carbon dioxide levels, originally 
less than t% were then about 36%.4 Finally, some post-shot gas 
samples contained up to about 0.18% of H9S.13 The gas would require 
processing prior to being put to representative use. Plans to use the 
cavity gas, after processing, are being considered for later in the 
program. 


The actual laboratory studies usIng a contaminated gas have begun 
and data will be forthcoming shortly. 


|, Water heated In uncovered vessels in the oven and on 
a top burner is being used to establish the range of 
radioactive concentrations that may be encountered in 
food cooked with contaminated methane. The time 
required for the concentration to equilibrate can be 
measured simultaneously. 


2. Foods which represent constituents in man's diet are 


being prepared under both typicat and extreme con- 
ditions to evaluate contamination mechanisms. 
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3. Cryogenic sampters and tiquid bath scrubbers are 
being used to measure air concentrations. High 
efficiency filters collect that portion of the 
contamination associated with particulates. 

Some exploratory work wll! have to be con- 
ducted to optimize the collection efficiencies 
for each of the radionuclides. 


The preceeding calculations emphasized the requirement for data 
on tritium-protium exchange coefficients, equilidrium conditions and 
exchange rates. Air concentration measurements for carbon-14, 
krypton-85 and tritium upon contaminated methane combustion are also 
considered essential input to (RCG)g evatuations. We hope that in 
conducting some of these measurements the magnitude of the potential 
exposure will be established and a comprehensive calculation of the 
(MPC) can be undertaken. 


Our preoccupation with tritium in this presentation is not 
meant to imply an estimate of the relative importance of the radio- 
nuclides considered. Depending on the design and environment of the 
nuclear device, tritium or some other radionuclide could be the 
limiting nuclide. 
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QUESTIONS FOR DAVID N. McNELIS 


From C. £. Nelson: 


How. and when does tritium migrate from gas to foodi During cooking? 
During the cooting phase in the room after cooking has stopped? Both? 


ANSWER: 


We do not have any experimental data to present at this time. How- 
ever, | would think that both in varying amounts would be appropriate. 


From Walt Kozlowski: 


You stated that one of the goals of Gasbuggy was the determination of 
the gas quality with respect to radioactivity. You then set about 
determining acceptable radioactive levels. What cost factor would 

be required to process Gasbuggy gas to meet these levels? And is so 
much processing required that Gasbuggy type developments are not feasi- 
ble? 


ANSWER: 
Of course Gasbuggy was an experiment, and the gas from it is not in- 
tended for consumer use. As far as this pertains to other stimulation 


events, | think that this question would be more appropriately put to 
other agencies. 
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THE FATE AND IMPORTANCE OF RADIONUCLIDES PRODUCED IN NUCLEAR EVENTS” 
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J. Koranda, Y. Ng, P. Phelps, G. Potter and A. Tamplin 
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ABSTRACT 


Some of the major programs at the Bio-Medical Division 
concerned with the fate and importance of the fisston pro- 
ducts, the radionuclides induced in the device materiale, 
the radionuclides induced in the environment surrounding 
the device, and the tritium produced in Plowshare cratering 
events will be discussed. 


These programs include (1) erttical unknowns in pre- 
dieting organ and body burdens from radionuclides produced 
tn cratering events; (2) the analysis with a high-resolution 
solid state gamma ray spectrometer of radionuclides in com- 
plex biological and environmental samples; (3) the char- 
acterization of radioactive particles from cratering detona- 
tions; (4) the biological availability to beagles, pigs and 
goats of radionuclides in Plowshare debris; (5) the biolo- 
gical availability to aquatic animals of radionuclides in 
Plowehare and other nuclear debris and the biological turn- 
over of critical nuclides in epecifie aquatic animals; (6) 
the biological availability of Plowshare and other nuclear 
debris radionuclides to datry cows and the transplacental 
tranaport of debris radionuclides in the datry cow; (7) the 
persistence and behavior of radionuclides, particularly 
tritiwn, at sites of Plowshare and other nuclear detonations; 
and (8) somatic effects of Low Dose Radiation: Chromosome 
studies. 


INTRODUCT 1 ON 


The major objectives of the Bio-Medical Division at the 
Lawrence Radiation Laboratory at Livermore are: 

|. To develop a predictive ability for estimating the impact 
of the release of radiation and radionuclides upon the biosphere, 


— 
This research was performed under the auspices of the U.S. Atomic 
Energy Commission. 
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and in particular upon man, from any credible type of nuclear event: 
reactor releases, reactor accidents, nuclear accidents, nuclear testing, 
nuclear war, or peaceful uses of nuclear explosives. 


2. To utilize the developing predictive ability to minimize 
the radiation burden to man from nuclear events, planned or un- 
planned, during the period pending development of a mature and com- 
plete predictive ability. 


3. To develop appropriate countermeasures for credible nuclear 
events at any step along the route from the source of radionuctides 
to man, with the objective of minimizing the radiation burden to man 
before or after access of the radionuclides to his tissues. 


4. To evaluate the bioenvironmental feasibility of planned 
Atomic Energy Commission utilization of nuclear explosives for peace- 
ful purposes, such as Plowshare events. 


5. To determine the effects of radiation on man - in particular 
the effects of chronic exposure to low doses of radiation or moderate 
doses delivered at low rates. 


The four main divisions of our program are (1) the prediction 
before each event, on a global basis, of the ultimate body and organ 
burden likely to be delivered to man by external radiation and by 
each of the radionuclides tikely to be produced in the event; (2) the 
documentation or quantitation of the life history of the radionuclides 
Produced in the event; (3) the determination of any effects on man of 
radiation from internal and external sources; and (4) the development 
of countermeasures to minimize any radiation burden to man. 


Many of our major programs are directly involved in research on 
the fate and importance of radionuclides produced in Plowshare events. 
Each of these could well be the subject of a 30- to 40-minute presenta- 
tion, but because of time | can present only highlights and represen- 
tative portions of several of these programs. The programs discussed 
today are described in greater detail in the published text of this 
Symposium. They and other programs are described fully in publica- 
tions from the Division and in those that are presently in press. 


PREDICTION OF ORGAN AND BODY BURDENS FROM RADIONCULIDES 
PRODUCED IN PLOWSHARE EVENTS 


We have developed a method for estimating the total maximum 
internal dose to the whole body and organs of man and the contri- 
bution of individual radionculides to this dose. This program has 
been so designed that the predictive approach allows us to supply 
quantitative guidelines at three important phases of the Plowshare 
Excavation Program: 
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|. In preshot rad~safe analysis, we can determine whether or 
not a particular event can be conducted without exceeding existing 
tolerances. 


2. In guidance for postshot documentation, we can indicate 
what should be measured, where it should be measured, and with what 
precision it should be measured. 


3. In guidance for device design, we can indicate the maximum 
amount of a radionuclide that can be produced and subsequently re- 
leased to the environment without exceeding prescribed tolerances. 


This predictive approach is described in a series of reports. 
The first part presents the approach used to estimate the fal lout 
levels as a function of cloud travel time for periods up to 50 hours 
after detonation. In the second, we show how these fallout estimates 
can be combined with radionuclide production estimates and biological 
uptake retationships to arrive at estimates of burden and dosage for 
man. The third part shows how this predictive approach can supply 
guidelines for the design of nuclear devices for peaceful purposes. 


The fourth part is a handbook which lists the input parameters 
required for the estimation of dosage. When considering the public 
health and safety, one must not underestimate the dosage that can be 
delivered to man and his organs after detonation. It is also important 
not to overestimate the dosage, and as data become available from other 
Division programs in such critical areas as the fraction of certain 
radionuc!ides released to the atmosphere on smal! particles (<50 y in 
diameter) and the availability in certain biological systems of certain 
radionuctides, the estimates of some radionuclide dosages will be re- 
placed by more appropriate values. For many radionuclides, our experi- 
mental programs have used debris from Plowshare cratering events to 
generate the appropriate data. 


The last two parts of the series present our approach for pre- 
dicting the dosage to man from aquatic foodstuffs and an analysis of 
the transport of nuclear debris by surface and groundwater. 


The four major sources of radioactivity from a typical Plowshare 
cratering event are fission products, neutron activation of the environ- 
ment, neutron activation of the device, and tritium. Estimates have been 
made of the organ and body burdens from each of the radionuclides pro- 
duced in each of these sources of radioactivity. Examples of these 
estimates are presented in Tables | and {!. Table | presents the esti- 
mated maximum dosage to the child's whole body and bone from plutonium-239 
fission products, assuming wet deposition by rainout at (2 hours after 
detonation. Table it presents the estimated maximum dosage via milk to 
the child's whole body and bone from activation products produced in 
granite by neutrons, also assuming a wet deposition by rainout at 12 
hours after detonation. It is to be emphasized that these values repre- 
sent the estimated maximum dose as a consequence of wet deposition by 


597 


rainout and that a maximum deposition via dry deposition would lower 
these estimates by more than an order of magnitude. 


Another application of our approach deserves comment. Using 
this approach, concentrations were estimated of certain radionuclides 
In grass and milk following a nuclear test that was presumably some 
7000 to 8000 miles away. The estimated and measured concentrations 
are presented in Table 111. The close correspondence between the 
estimated and measured values indicates the overall capability of this 
approach. 


SOLID-STATE DETECTORS IN THE QUANTITATION OF GAMMA-EMITT ING 
RADIONUCLIDES IN BIOLOGICAL AND ENVIRONMENTAL SAMPLES 


Several programs in the Divislon are concerned with quantitating 
the Ilfe history of the radionuclides that interact with the blosphere. 
Essential to these programs has been the development of a high-resolution, 
anticoincidence-shielded gamma spectrometer to analyze complex, low- 
level mixtures of gamma-emitting radlonuclides In environmental! and 
biological samples. 


Formerly, gamma~emitting radionuclides in environmental and 
biological samples could be determined only by techniques involving 
radiochemical separation fotlowed by spectrometry with sodium iodide 
scintillators. These techniques were frequently so laborious and time 
consuming as to discourage the extensive samplings required in Plowshare 
experiments. There Is no doubt that the introduction of the solid state 
lithium-drifted germantum [Ge(L!)] detector has revolutionized gamma 
ray spectroscopy, primarily because of its striking improvement in spec- 
tral resolution over the sodium iodide detector. This advantage is il- 
lustrated by a complex gamma ray spectrum (Fig. |) from particulate 
fatlout, presumably from a Chinese test, counted on the filter paper 
on which it was collected. The usefulness of this spectrometer in 
blological experiments is illustrated also in Figure 2, which shows 
spectra from samples of feces, plasma, mi!k and urine from a dairy cow 
24 hours after It was fed radioactive debris obtained at the site of a 
nuclear detonation. Radiochemical separation and purification were not 
required to obtain these data. 


This spectrometer (Fig. 3) has given excellent resolution and at 
the same time has been highly efficient in the assay of large volume 
as well as small volume samples. Other gamma ray spectrometers with 
Ge(Li) detectors and anticoincidence shielding have been reported in 
the literature. While they may serve the purposes for which they were 
designed, none has achieved as high resotution and sensitivity in 
counting smali as well as large samples (e.g., up to 200 ml) as the 
spectrometer developed by us. {tt can quantitatively analyze radio- 
nuclides with specific activities of as little as 0.02 picocuries per 
gram of material present either alone or as a part of a complex mix- 
ture of radionuclides.’ It is particularly suitable for rigorous studies 
of the slow incorporation of low levels of radionuclides into biological 
or environmental systems. 
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Four spécial features of the spectrometer contibute to its 
excel ience: 


|. The Incorporation of a planar Ge(Li) detector of large 
surface area (6 cm x 3 cm) and one centimeter depletion depth, 
developed especially for thls spectrometer. 


2. The Ge(Li) detector Is surrounded by a plastic phosphor 
(anticoincldence) shleld, and the two are operated In anticotncl- 
dence to reduce the Compton continuum. This enhances the weak spec- 
tral lines and consequently improves the sensitivity. 


3. Inside the vacuum chamber, a cooled first-stage field-effect 
transistor (FET) preamplifier adjacent to the Ge(Li) detector Insures 
maximum resolution. 


4. The anticoincidence and coincidence spectra are recorded 
separately to Improve the counting sensitivity for radionuclides 
whose decay schemes involve coincident events, 


Our research on solid state detectors Is continulng. Significant 
progress has been made in establishing a rellable basis for selecting 
high-quallty germanium for large volume Ge(Li) detectors. A set of 
Standard tests has been devised that has resulted In high ylelds of 
good detectors. It is now practical to consider a whole-body animal 
counter with elght 20-square-centimeter detectors. Thts would represent 
a truly significant advance in whole-body counting. We are also 
developing a Ge(Li) detector system for field use In conjunction with 
Plowshare excavation experiments. A field laboratory, tral ler-housed, 
will have a counting system with a super-Insulated cryogenic system to 
maintain the Ge(Li) detector at -185°C. This is necessary to Insure 
low consumption of liquid nitrogen under field conditions. 


As the applications of nuclear energy increase, man will be con- 
tinuously exposed to radiation from the released radionuclides that be- 
come localized in his body. Accordingly, one of the most crucial prob- 
tems will be to assess the effects upon man of {ow or moderate doses of 
radiation delivered at very low rates. It has been suggested that ex- 
posure to 10 rads may cause biological harm under some circumstances. 
But what about lower doses? Is all radtation harmful? Should the extrapo- 
lation to a zero-rad dose be linear or curvilinear? If It should turn 
out that the correct extrapolation is a linear one, then It wit| be 
crucial to determine very accurately at very low levels the radionuclide 
content of man's food and water. Such data on gamma-emitting radio- 
nuciides can be obtained only with a system of the resolution and 
sensitivity described here. 
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FRACTIONAL RELEASE, TRANSPORT, DEPOSITION, AND REDISTRIBUTION OF 
RADIOACTIVITY FROM PLOWSHARE CRATERING EVENTS 


The broad objectives of this program are to document the total 
amount of radioactivity released by specific nuclear cratering events, 
particularly at the Nevada Test Site, and to study the transport, the 
deposition, and the redistribution of the debris. The sotid state 
spectrometers described in the preceding section are used to quanti- 
tate the gamma emitting radionuctides. Studies at the Nevada Test 
Site are particularly emphasized in this program, which Is expected to 
contribute strongly to the Blo-Medical Division's predictive effort 
by providing the necessary data for reliable checks of proposed theories 
and models. 


This program is a broad, long-range one that began with the 
Schooner Event and will be repeated on several Plowshare events to 
establish good statistical data on the parameters of interest. We will 
make long-term air-activity measurements at times up to 1000 hours after 
detonation to record not only the primary distribution but also the 
secondary redistribution that occurs. These measurements bear directly 
on the question of how soon re-entry can be permitted for purposes of 
additional! excavation following Plowshare events. We wil! also field 
very large-votume collectors to get large amounts of airborne debris 
for subsequent feeding experiments. The collection of large amounts of 
such material from the air rather than from the ground will remove many 
problems of contamination associated with such studies. In addition, 
we hope to cooperate with several investigators throughout the country 
who would be able (as part of their normal programs) to supply us with 
meaningful biological samples for the quantitation of radionuclide con- 
centration. Analysis of such samples with our high-resolution counting 
facilities shoutd yleld vatuabte information on the transport of radio- 
nuclides after Plowshare cratering events. 


Fractional Release 


Our Immediate objective after a cratering event is to determine 
the total radioactivity released into the environment. The most ap- 
propriate method is to measure the radioactivity within the cloud at 
early times. These measurements have been made in the past by air- 
craft sampling In conjunction with photographic techniques. The 
measurements made in this manner can be criticized because of the great 
varlability of concentration within the cloud. The Lawrence Radiation 
Laboratory recently initiated a much improved method on Schooner: 
several hundred samplers suspended from parachutes were dropped 
through the cloud. Some of these drop-packages have sequential sam- 
piers and provide data on cloud concentration as a function of verti- 
cal helght. The Bio-Medical Division actlvely participated by helping 
in the package design and by performing the gamma spectroscopy on the 
recovered filters. Thus data are being obtained on the isotopic 
fractionation of the cloud as a function of three dimensions as well 
as on the total activity contained in the cloud. 
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Transport 


Information about the dispersal of the radloactive cloud as a 
function of extended time and distance Is desirable. In Schooner, 
we participated In this area only by performing gamma spectroscopy 
on several filter samples supplied by the Nevada Aerial Tracking 
System of the Edgerton, Germeshausen and Greer Corporation. In the. 
future we hope to extend these studies to cover more accurately 
conditions of cloud shear and to secure more extensive sampling. 

We wil! use whatever direct data are available, but our main effort 
will probably be to reconstruct transport phenomena from our own 
deposition data and those of other groups. 


Deposition and Redistribution 


The major purpose of this program is to study the deposition 
of debris at distances from a few thousand feet to several hundred 
miles. Eventually we hope to field about 100 stations to obtain sam- 
ples of alrborne debris and fallout material. The radionuclide con- 
tent of these samples will be determined by gamma spectroscopy. By 
using programmed samplers to obtain both air and ground samplers as 
a function of time, we will study the dependency of deposition and 
fractionation on time and distance. With such data from several 
events, we will be able to assess the relationship between air and 
ground contamination. 


One of the important practical questions for a variety of 
hoped-for applications of the Plowshare Program Is how soon work crews 
may re-enter an area for additional excavation and other operations. 
Since some of our studies will continue for periods up to 1000 hours 
after the event, they should help provide answers to this question. 


On the Schooner Event, we fielded [3 stations to coilect alr 
samples. These instruments were located at various points on the 
six- and fifty-mile arcs as well as at the sites of animal experi- 
ments. Each instrument consisted of a bank of six sequentially 
operated alr pumps and high-efficiency convoluted alr filters. An 
unique feature was a low-cost electronics system for sequential pro- 
gramming of the samplers either in a logarithmic or linear function. 
(n addition, a sensitive radiation detector was developed that auto- 
matically turned on the samplers by detecting gamma rays, thus al- 
lowing unmanned operation at inaccessible locations. Figure 4 it- 
lustrates a typical station with the samplers six feet off the ground 
and the programmer and batteries beneath. 


The several hundred samples obtained in this program are cur- 
rently being analyzed for their content of gamma-emitting radio-~ 
nuclides by solid-state spectroscopy. These data_will allow us to 
reconstruct the radionuclide concentration (pCi/m>) as a function of 
time at several focations. 
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Preliminary data on one of the most prominent radionuclides, 
tungsten-I81, are presented in Figure 5. Station Tl, the hottest 
station on the 50-mile arc, was tocated near Tonopah, Nevada. Station 
$25 was located on the six-mile arc. Other data suggest that the hot- 
line passed close to $25. Station S8 was located upwind from ground 
zero, and initial concentrations of radioactivity at this station were 
quite low. 


Several points of interest are presented in Figure 5. At station 
Tl on the 50-mile arc, the peak concentration of tungsten-!81 occurred 
10 hours after detonation (integrated over six hours) and was 6400 
pCi/m3, At this time, the concentrations of tungsten-181 at stations 
$25 and Tt were equal, although TI! was 44 miles from $25. At station 
S25, very significant redistribution of debris was evident, and at 30 
hours after detonation relatively large amounts of debris were still 
airborne, 


In terms of re-entry, the data at S8 are perhaps the most 
Interesting. This station was one mile upwind from ground zero, and 
although the initial concentrations of activity were low at 100 hours, 
this was the station that registered the greatest amount of activity. 
Again very significant redistribution of debris is indicated. 


Figure 6 illustrates the early distribution of jodine-131 for sta- 
tions $25 and $27 in the six-mile arc and for station T! on the 50-mile 
arc. It is worth noting that at 10 hours after detonation the distri- 
butions were about equal and that at 40 hours significant redistribu- 
tion had occurred at stations $25 and $27. 


Figure 7 is a similar plot for tellurium-132, Again we note the 
equal concentrations of activity 10 hours after the shot at six and 
50 miles and the redistribution 40 hours after the shot. 


Several other radionuclides are being quantitated, and in addition 
data at later times wil! be similarly quantitated to study the effects 
of redistribution of radioactivity. 


Sharpening of Predictive Ability 


A rigorous attempt will be made to assemble the data obtained on 
the fractional release, transport, deposition and redeposition of radio- 
activity along with al! other available data to gain a complete knowledge 
of the amount of activity released and its transport and impact upon 
man. In addition, these experimentally obtained vaiues will be compared 
with those predicted by other programs in the Division. As a result, 
our ability to predict the consequences ta man of a Plowshare detonation 
will be refined and sharpened from event to event. 


602 


THE ANALYSIS OF RADIOACTIVE PARTICLES PRODUCED !N 
PLOWSHARE CRATERING EVENTS 


The major sources of radionuclides that enter the biosphere fol- 
lowing nuclear events such as Plowshare detonations are the radio- 
active particles Introduced into the atmosphere after the detonation. 
We have therefore established a Particle Analysis Program whose Im- 
mediate objective was to obtain a complete quantitative description 
of the radioactive particle population produced by specific nuclear 
detonations. The long-range objective of the program was to determine 
how particle populations change as detonation conditlons change, and 
thereby to establish a capability for predicting the characteristics 
of particle distribution from the specifications of detonation condl- 
tions. Success In achleving these objectives would provide essential! 
information on the possible occurrence of "hot spots" following nuclear 
évents. 


The radioactive isotopes produced by nuclear detonations are 
distributed among the particle classes and particle sizes in a manner 
that varies from isotope to isotope and from detonation to detonation. 
Our studies on radioactive particles from the Plowshare Events Sedan, 
Palanquin, Cabriolet, Buggy, and Schooner indicate that the partitioning 
of the radionuclides produced by cratering detonations follows a pattern 
that can be understood in terms of a three-stage condensation process. 


The first stage of condensation occurs in the underground cavity 
produced by the detonation. The refractory radionuclides, those whose 
boiling points are significantly higher than the melting temperature 
of the environmental soil, are quantitatively scavenged by the molten 
material that lines the cavity. Other radionuclides are Incompletely 
scavenged in this stage. In the subsequent rupture, the moiten cavity 
tiner breaks up into particles that constitute a distinctive class, 
referred to here as slag particles. Both the radioisotopic composi- 
tion and specific isotopic abundance in this particle appear to be 
relatively independent of particle size, indicating that the radio- 
nuclides in the stag particles are distributed within the particle 
volume. 


The second stage of condensation occurs during the passage of 
the cavity gas through the strongly-shocked and crushed overlying rock 
or soil, up to the time of venting. During this stage the radioisotopes 
of intermediate volatility complete their condensation. However, since 
this crushed material is not melted, the radionuclides are surface- 
deposited rather than volume-deposited. The radioactive particles formed 
during this process are for the most part separated from the remaining 
radioactive gas at the time of venting and fall to the side to form the 
crater lip. This particle class will be referred to here as lateral 
ejecta. 


The third stage of condensation occurs after venting. Only a 
small fraction of the crushed soil through which the radioactive gas 
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has moved remains with the gas after venting occurs. Therefore, the 
highly volatile species are found to be significantly enriched in this 
soil fraction. The voltatility of the individual radioisotopes may be 
Inherent as in the case of gold or arsenic isotopes or it may be due 

to the isotope's having a rare gas precursor as in the case of fission- 
product barium or cesium isotopes. Again the condensation is on non- 
molten particles and consequently leads to surface deposition of the 
Tadionuclides. The particles in this class will be referred to here as 
vertical ejecta. 


The partitioning of the radionuclide population among the particle 
categories can be determined from the fission yields in conjunction 
with several assumptions derived from the foregoing phenomenological 
description. These assumptions are that refractory radionuclides are 
in the main scavenged by the slag particles, that aerial filter sam- 
ples of the radioactive cloud contain as their major components verti- 
cal ejecta and slag particles, and that close-in tray samp!es contain 
most of the lateral ejecta and s{ag particles. The partition values 
for typical refractory, volatile, and intermediate species for four 
cratering events are given in Table IV. 


METABOLISM OF PLOWSHARE NUCLEAR DEBRIS iN 
PIGS, DOGS, AND GOATS 


This program is concerned with the metabolism, including the 
biological availability, in large mammals of the radionuclides present 
in nuclear debris from Plowshare events. Studies of the biological 
availability of radionuclides in complex mixtures such as nuclear debris 
are essential since the data are often different and more meaningful 
than those obtained after feeding the radionuclide as a single chemi - 
cat species. Accordingly, we have initiated feeding and inhalation 
studies of nuclear debris in pigs, dogs, and goats. Pigs (peccaries) 
were chosen because their gastrointestinal physiology closely resembles 
that of man and because pork is an important constituent of the diet, 
dogs (beagles) because their renal physiology closely resembles that of 
man, and goats because of their suitability for inhalation studies in 
the field. 


'n one part of this program, debris from specific Plowshare 
cratering events is administered orally to pigs and dogs. The animals 
are analyzed daily by whole-body counting for gamma ray-emitting radio- 
nuclides as are their urine and feces. At appropriate times, animals 
are sacrificed for specific organ analysis to determine the distribution 
of long-tived radionuclides. Wherever appropriate, beta-emitting radio~ 
nuclides are quantitated in this and other Division programs after 
radiochemical separation and purification. 


In other studies, pigs are placed in metabolic cages located on 
an arc within the predicted path of the radioactive cloud. Their feed 
is allowed to become contaminated by fallout, and is then fed daily for 
a week. The radionuclide contents of their organs, urine, and feces are 
then determined. 
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These experiments yield several kinds of information about the 
radionuclides: their identity and relative concentration in specific 
nuclear debris, their absorption across the intestinal wall, their 
body retention times, and the body distribution of fong-lived radio- 
nuclides. 


Figure 8 presents distribution data from an experiment in whjch 
debris was orally administered to a pig. The results obtained for 
antimony-122 are representative of data obtained for molybdenum-99, 
tellurium-132, gold-198, and tungsten-187, in which 10 to 30 percent 
of the ingested radionuclide was absorbed across the gut wall and 
excreted by the kidney. The remaining fraction was eliminated in the 
feces. 


Figure 9 presents data on cerium-!41 from the same experiment. 
Little or no cerium-l41, lead-203, ruthenium-103, manganese-54, 
barium-140/lanthanum-|40 from the debris was absorbed across the gut 
wall and excreted by the kidney. Most of these radionuclides were 
eliminated in the feces in the first two to three days. Figure [0 
presents data on iodine-i31, the only radionuclide absorbed to a large 
extent; 73 percent of the initial dose was excreted in the urine. 


After eight days, antimony-I22, tungsten-187 and lead-203 were no 
longer detectable by whole-body analysis. Two percent or less of 
Molybdenum-99, cerium-131, tellurium-132, gold-|98, manganese-54 and 
barium-|40/lanthanum-140 was detectable. The only radionuclide re- 
maining in appreciable amount after eights days was jiodine-131, whose 
retention at that time was six percent of the administered dose. 


Studies similar to these have now been completed in pigs and in 
dogs with debris from the same event and from different events. The 
metabolism of some of the radionuclides varies between animals and 
among events. In summary, our results indicate the importance of 
critically evaluating the biological availability of radionuclides 
produced in nuclear events. 


The biological availability and the tissue distribution in goats 
of the gamma-ray-emitting radionuclides from a radioactive cloud were 
measured at the Nevada Test Site in conjunction with a cratering event. 
At each of three stations, all located three to 4.6 miles from ground 
zero, a lactating goat was stationed during the detonation in such a 
manner as to receive only the inhalable fraction of the radionuclides 
taken in by two air samplers. Thirty hours after the detonation, the 
goats were killed and their major organs were removed for quantitation 
of their gamma-emitting radionuclides. The nuclides molybdenum-99, 
jodine-132, iodine-131, ruthenium-103, antimony-!22, tungsten-187 and 
barium-140/lanthanum-140 tended to be more readily absorbed across the 
lung; cesium-141, goid-198 and tead-203 were tess readily absorbed. 
Most of the radionuclides were found in highest concentration in the 
upper lobe of the right lung. Table V presents data on the radionuctide 
content of some of the organs of the goat nearest the hot-line. 
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THE BIOLOGICAL AVAILABILITY OF DEBRIS RADIONUCLIDES 
IN THE DAIRY COW 


The dairy cow represents an important link in the food chain to 
man by which not only radioiodine but many other radionuclides can enter 
his diet. in countries like ours, in which dairy products contribute 
a significant portion of the total diet, this may well be the major 
route of Isotope transfer, particularly for infants and children. Con- 
sequently a program was instituted to determine the biological availability 
to the cow of radionuclides in nuclear debris. 


This program involves work in several interrelated areas. The 
first is concerned with the biological availability of radionuctides in 
debris from nuclear events, the second with the biological availability 
of pure radionuciides, the third with environmental studies, and the 
fourth with in vitro studies of radionuclide binding to plasma and milk 
proteins. —_ 


In a representative experiment on biological availability, a 
lactating cow was fed debris from a Plowshare cratering event. Figure 
tl presents the data on the iodine-i3i content in milk, plasma, urine 
and feces. Of the administered dose, 61 percent was excreted in the 
urine and seven percent was secreted in the milk. These data may be 
contrasted with comparable values of 14 percent for urine and two per-~ 
cent for milk for debris from an underground event that accidentally 
vented. They agree weil, however, with data from an experiment in 
which sodium lodide labelled with lodine-131 was administered orally. 
In both debris experiments, the plasma-to-milk ratio for iodine-1}31 
was unity after 72 hours, and thereafter the plasma levels exceeded 
those of milk, because iodine binding to plasma proteins prevented 
its excretion by the mammary gland or the kidney. 


Figure !2 presents data on the relatively unavailable fission 
products barium-140/lanthanum-1!40. Figure I13 presents data on tungsten-i81; 
about seven percent of the administered radiotungsten appeared in the 
urine and 0.5 percent In the milk. In the experiment described here, 
manganese-54, zirconium-95/niobium-95, cerium-141, neodymium-147 and 
tead-203 were not observed in milk, urine or plasma. Figure 14 presents 
a spectrum of the gamma-emitting radionuclides in the feces; solid state 
detectors have clearly quantitated manganese-54, zirconium-95/niobium-95, 
molybdenum-99, ruthenium-103, antimony-|22, antimony-124, iodine-131, 
tellurium-131, tellurium-132, iodine-133, barium-140/lanthanum-!40, 
cerium-141, neodymium-147, tungsten-181, tungsten-187, gold-198, lead-203 
and others. 


Table VI compares the recovery of oraliy administered radionuclides 
from several sources: two Plowshare cratering events, an underground 
accidental venting and commercially available pure radionuclides. Of 
particular interest are the data on iodine-I31, which show a variation 
in the metabolic pattern from one kind of event to another. 
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In a study of maternal-feta! transfer, Ptowshare debris, six 
weeks after the detonation, was administered to a near-term pregnant 
cow; a total of one kilogram was given in gelatin capsules, at a rate 
of 200 grams per day for five days. At 48 hours after the last admini- 
stration, the cow was anesthetized and sacrificed. Tissue and blood 
samples were taken from both the fetus and the cow. Data from this 
experiment are summarized in Table VI}. Al! values are compared to 
the cow plasma values normalized to unity, so as to point up the de- 
gree of concentration of specific radionuclides in specific tissues. 
The nuclide tungsten-181 appears to concentrate in maternal mammary 
gland, spleen, kidney, liver and bone and particularly in fetal bone. 
The tast finding is in accord with other results from this Laboratory 
indicating that bone-plasma ratios as high as 200 or 300 to one can be 
reached in the bones of immature rats. The gold-!98 seems to localize 
In the maternal kidney. The jodine-|3! Is concentrated In both the 
maternal and fetal thyroid; 4.5 percent of the administered dose was 
taken up by the maternal thyrold and 6.7 percent by the fetal thyrold. 
The concentration of jodine-13! per unit welght of wet tissue was 
twice as high in the fetal thyroid as in the maternal thyroid. The 
other radionuclides detected in the other studies were either absent or 
present only in very small amounts in some organs. 


METABOLISM OF DEBRIS RADIONUCLIDES IN AQUATIC ANIMALS 


The release of radionuclides In or near the hydrosphere results 
In their uptake by aquatic organisms In the food chain of man. At 
nuclear installations such as nuclear reactors of nuclear fuel produc- 
tion or processing plants, radionuclides are generally released at low 
regulated rates Into established ecosystems. At the sites of nuclear 
detonations, large initial releases of radioactivity are followed by 
continuous long-term releases of smal! amounts leached from the initially 
deposited source. 


Accordingly, a program was initiated to obtain information bearing 
on the problems of radioactive contamination of the hydrosphere from 
Plowshare and other nuctear events. It involves several different aspects: 
(1) assessment of the biological availability of radionuclides in nuclear 
debris, (2) evaluation of the biological turnover of critical elements 
in specific aquatic animals, (3) elemental analysis of aquatic organisms 
and their environmental water, and (4) investigation of the mechanisms 
of accumulation of specific elements. 


The biological availability of radionuclides from nuclear debris 
is a function in great part of the matrix of the debris particles; and 
aquatic organisms can acquire radioactivity by ingesting radionuclides 
either in solution or in particulate matter. Therefore experiments were 
designed to study the influence of physical and chemical form on the 
availability, The source of the debris materia! was either contained 
underground events or fallout and crater {ip material from cratering 
events. This particulate matter was separated into particle-size frac- 
tions which were then leached with various solutlons to determine the 
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distribution coetficients of the contained radionuclides; representa- 
tive aquatic animais were then exposed to water that had circulated 
through the debris. 


Table VIII presents distribution coefficients in synthetic sea-~ 
water of debris radionuclides from a cratering event. The distribu- 
tion coefficient is 


where F, = the fraction of the total activity on the solid, | -F. = the 
fraction of the total activity in the liquid, V = the volume of the liquid 
in milliliters equilibrated with W, and W = the weight of the material 

in grams. Comparable data are available for other radionuclides. Different 
distribution coetficients were obtained for many of the radionuclides In 
debris In an underground-contalned event. 


The blological avallabllity of the debris radionuclides to specific 
aquatic animais has been evaluated in the past In the system shown In 
Figure 15. Typical data on representative marine and freshwater animals 
are presented In Tables 1X and X. These data and data on other radlo- 
nuclides show that a nuclide can be metaboiized quite differentiy by 
different aquatic animals. We are presently determining blological 
avallabliity In 2000-galion aquaria In which the changes In the concen- 
tration of stable elements and radionuc!Ides In the water, the sedi- 
ments and the animals can be followed for extended periods of time. For 
proposed Plowshare excavations, we plan to study appropriate debris sam- 
pies from past Plowshare tests In aquatic animals indI genous to the pro- 
posed sites, 


Table XI presents concentration ratios of radionuclides in fresh- 
water and marine animals after exposure to water circulated through 
debris from a cratering event. 


We have also studied the biological turnover of certain radio- 
nuclides in bivalve and molluscs and other animals. Accumulation and 
loss of the nuclides were followed in the Laboratory under well-controlled 
conditions: constant concentrations of radionuclides and stable ele- 
ments, controlled temperature, and specimens selected according to size. 
These parameters were then varied independently in order to identify the 
factors most critical in affecting biological turnover. Concentration 
factors and biological turnover were assessed simultaneously. 


The elements most studied to date are zinc, manganese, cobalt, 
iron, europium, chromium, arsenic, cesium, and plutonium. From the re- 
sults, we can conclude that the concentrations of some elements are not 
under homeostatic control, and that the animals contain pools of the 
elements with which the corresponding radionuclides are not readily 
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equilibrated. They suggest further that anyone who proposes to use 
Published concentration factors for predictive purposes should be aware 
of the precise conditions under which they were determined. 


THE PERSISTENCE OF RADIONUCLIDES IN THE ECOSYSTEMS 
OF NUCLEAR DETONATION SITES 


This program is concerned primarily with the behavior of long- 
lived radionuclides in the ecological and biological systems that 
reinvade nuclear detonation sites. The unique aspect of this research 
is the use of the detonation site as a natural laboratory in which real 
environmental parameters affect the movement of a radionuclide. Field 
studies were initiated in 1964 with a study of otd detonation sites at 
Eniwetok Atol! in the Marshall Islands. The major emphasis was on 
tritium and carbon-14, two radionuctides that had not been looked for 
in the resurveys conducted by the University of Washington Laboratory 
of Radiation Blology. At the present, most of the radloecological re- 
search In this program Is being conducted at the Nevada Test Site. 


An example of the kind of research carried out at the sites of 
Plowshare excavations Is our studies at Sedan Crater. | will particuiarly 
@mphas!ze our studies on the fate of residual tritium because of its 
potential Impact on the blosphere. 


Approximately one milllon curles of residual tritium as THO was 
Injected Into the mass of earth deposited around the crater by the 
detonation. tn 1966, we began studles at Sedan Crater on the behavior 
of this tritium In the soll (ejecta), the Invading plant specles, and 
the animal populations that subsist on the vegetation. 


To study tritium distribution In an open ecological system, we 
first had to develop specialized analytical methods to extract the 
Interstitial! water from sol!s and the tissue or unbound water from plant 
samples and from the body water of mammals. These methods consist pri- 
marily of lyophl!izing the material In glassware specially designed to 
collect the water from each sample. The resulting samples are assayed 
for tritium by liquid scintillation tehcniques. Tissue-bound tritium 
is determined in plant and animal tissues by a modified Sch&niger method 
followed by liquid scintillation counting. 


At Sedan Crater, we found essentially equilibrium concentrations 
in the soil water of the plant root zone, in the tissue water of the 
plant stems and leaves, and in the transpirational water released by 
the aerial portions of the plant. Tissue-water tritium concentrations 
in plants growing on Sedan ejecta are presented in Figure 16. 


At the end of the annual growing season, the specific activity of 
tritium in the solid phase of the tissues of herbaceous plants such as 
the Russian thistle (Salsola kall) was almost equal to that found in the 
tissue water of the plant. These data are presented in Figure J7. This 
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incorporation of tritium Into the organic matter synthesized by plants 
growing on Sedan ejecta is mainly responsible for the tritium concen- 
trations found in small mammals, reptiles, birds and even insects 
living in the Sedan area. 


Some typical body-water tritium concentrations in mammals at 
Sedan Crater are presented in Figure 18. Tritium concentrations in 
the body water in the most abundant mamma! at Sedan, the kangaroo rat 
(Dipodomys merriami), were more closely related to those of tissue bound 
Tittum tn plant Tissue than they were to those of soil-water tritium, 
which vary seasonally at the depth of the burrows. 


The effects of seasonal rainfall on the soil-water tritium pro- 
file in Sedan ejecta are readily observed in the data obtained by 
periodic sampling to depths of six feet (Figure 19). Both downward 
and upward soil-water movements are apparent; the pulse of winter rain- 
fall, which lowers the tritlum concentrations in the zero to three-foot 
stratum, Is dissipated by evaporation and transpiration in the spring 
and summer. 


A site inventory of tritium can be made by not only integrating 
the depth concentration profile, but also performing a second integra- 
tion on the surface values to obtain the total areal inventory. These 
data indicated that five to six percent of the estimated origina! tritium 
inventory of the ejecta (crater lip to 1710 meters) was still present 
in the Summer of 1968. This short half-residence time, in a region 
where the annual flux of environmental water is extremely small, seems 
to indicate that, despite persistently high concentrations of tritium 
in all ecosystem compartments, rather significant amounts are lost by 
the usual hydrological mechanisms of transpiration and evaporation, 
with some losses to a deeper soil-water compartment. Losses to the 
groundwater appear not to occur in this region; therefore soi |~water 
and tritium dynamics are confined mostiy to the surface stratum, 
probably no deeper than I0 feet. 


The tritium concentrations In the small mammals at Sedan Crater 
constitute an untque kind of chronic exposure; this population of mam- 
mals apparently received its initia! exposure to tritium in utero not 
only from body water but also from tritiated organic compounds received 
by placental transfer from the parent animal. Accordingly, they are 
being subjected to various kinds of physiological and biochemical studies. 
Preliminary data indicate that at the time of their capture the specific 
activity (disintegrations per minute of tritium per gram of hydrogen) 
of the tissues of Sedan kangaroo rats is significantly higher than 
that of their body water. In addition, certain changes, not yet pre- 
cisely defined, are detectable in the structure and biochemical be- 
havior of the DNA extracted from the livers of the Sedan kangaroo rats. 


Our studies clearly indicate that tritium is the most abundant 


radionuclide in the postshot environment of Sedan. Figure 20 is an 
inventory of the major radionuclides at Sedan Crater. Residual tritium 
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trom this thermonuclear cratering detonation in the desert of Southern 
Nevada is present in all of the trophic levels of the natural ecosystem 
that has evolved in the postshot environment. These levels embrace not 
onty the physical compartments of the soil substratum into which the 
tritium was Injected or distributed by the detonation, but also the 
processes by which organic matter is synthesized in both plants and 
animals. When our studies on the DNA have been completed, we will have 
traced the environmental life history of a specific radionuclide from 
the substratum where it was deposited by a nuclear detonation to one 

of the most critical life compounds in the biological world. 


SOMATIC EFFECTS OF LOW-DOSE RADIATION: CHROMOSOMES, RADIATION, 
HUMAN CANCER AND LEUKEMIA 


No Issue is more central to the nuctear age than the question of 
whether low doses of radiation delivered rapidly or over a very long 
period of time are harmful to man. Plowshare programs In particular 
are concerned with the possibilities that involve, or may involve, 
delivery, rapidly or slowly, of low total doses of lonizing radiation 
to a smal! segment of the human population. 


tt is important to develop some way to ascertain whether there 
is a threshold radiation dose below which no cancer or leukemia is pro- 
duced in man, and, if there is no threshold, to define the dose-versus- 
effect curve in the region between zero and 10 rads and between zero 
and, say, 50 rads. The implications of a threshold or even of a non- 
linear variation of effect with dose are enormously important for 
Plowshare programs as we!| as for other uses of nuclear energy. 


In the absence of reliable information concerning this issue, an 
approach belfeved to be conservative is used in calculating possible 
leukemia or cancer production from exposure to any release of radiation 
(external or from radionuclides internally). The approach used assumes 
a linear extrapotation from high-dose data; in essence it states that 
each rad of radiation Increases the risk of cancer or teukemia by a 
certain amount, whether the total dose is one rad or 50 rads or !00 rads. 
It is believed that thls assumption represents the worst possible case. 
Using such a conservative estimate, one can calculate that exposure of 
avery large population to a very small amount of radiation per person 
(for example, from a Plowshare event) can theoretically induce cancer 
or leukemia in a significant number of people. 


Since it is unlikely that this question wil] be answered through 
studies of human populations, an experiment is therefore highly desirable. 
Such an experiment has two basic requirements: it must encompass radiation 
doses from approximately one rad or fess upward to high doses, and the 
system under study must provide information relevant to the question of 
production of human cancer or leukemia by radiation. 


Radiation is known to produce chromosome alterations in human and 
other cells; indeed, the production of such so-called chromosome aberrations 
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has been measured quantitatively down to doses in the region of 10 to 
20 rads. Within such studies, however, no method has ever been pro- 
posed for determining the relevance of observed chromosome damage to 
the production of important somatic effects of such radiation in 
humans or other intact mammals. The somatic effects of consequence 
are predominantty carcinogenesis, leukemogenesis, or other bases for 
life shortening. Only if the chromosome abnormalities cause cancer 
will such studies bear directly upon the question of whether low- 
dose radiation produces human cancer or leukemia. 


The concept that abnormalities in chromosomes might be the 
Cause of cancer was proposed by Theodor Boveri in 1902. If this is 
so, a specific abnormality or set of abnormalities should be un- 
failingly associated with cancer. The known effect of radiation 
on chromosomes, plus the Boveri concept of a chromosomal cause of 
cancer, suggested an approach that could provide relevant answers to 
the central question. 


The point to be settled first is whether the concept that an ap- 
propriately imbalanced cel! chromosome constitution, of whatever origin, 
would lead to a malignant tumor. Our approach to this question and its 
relation to low-dose radiation effects are in three successive phases: 


1. Is there a specific single chromosome abnormality, or a 
specitic set of abnormalities, in human cancer? 


2. If there is, can radiation produce such abnormalities? This 
can be studied on human celis in culture rather than on numans. 


3. If radiation can produce such abnormalities, is their pro- 
duction !inear with dose down to low doses? Particularly, is there a 
true threshold dose? © 


For our experiments, electronic scanners and computer processing 
of the scan information were used, and faster, more accurate methods of 
preparing, observing, recording, and analyzing chromosome data were 
developed. Suitable cells were selected, and their individual chromo- 
somes were measured and separated into groups by computer processing, 
with computer-programmed "cut-off" points for the group boundaries. A 
sufficient number of cells is measured so that the results are statistically 
Significant with a high degree of confidence. 


We are pleased to say that we have achieved the objective of 
developing a relevant study system for low-dose radiation in relation to 
human carcinogenesis and feukemogenesis. Our research indicates the 
existence of an invariant common to unlimited proliferation of human 
cells in vitro and to malignant growth in humans. This invariant is in 
the form of a marked excess of E-I6 chromosomes, either absolute or rela- 
tive to other classes of chromosomes. Our studies of 14 established human 
cell lines show that the E-I16 chromosomal imbalance is present without 
exception and is strong in every case. We appear to be nearing the point 
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where it is possible to say that E-I6 chromosome imbalance is an in- 
variant of established human cell lines. In addition, studies on 

10 cases of human cancer, including both malignant effusions and 
several primary solid cancers, also demonstrate the E-!6 chromosome 
imbalance. 


Of great interest are our studies on the effects of viruses on 
human cells. Virus alteration of normal diploid human celis to esta- 
blished lines had, of course, been accomplished by other workers, 
using SV-40 virus and others. Indeed, at this time, of the three 
major known modalities of cancer induction (viruses, carcinogenic 
chemicals and radiation) only viruses have been unequivocally able 
to alter diploid cells to established human cell jiines. We have 
studied human cells that had been converted into a permanent line 
with SV-40 virus. Chromosome studies of these cells show that SV-40 
virus-altered cells show the same E-I6 chromosome imbalance previously 
demonstrated by us for spontaneously established human cell lines and 
for human cancers (effusions or solid tumors) studied directly. Thus 
a known oncogenic virus produces the E-I6 chromosome imbalance in the 
course of in vitro alteration of diploid human cel!s to altered cells 
with malignant proliferative properties. 


The major objectives ahead are: 


|. Ascertainment of whether or not E-16 chromosome imbalance 
determines malignant behavior of cells thus imbalanced. 


2. Ascertainment of whether or not radiation can imbalance 
human diploid cells in culture with respect to E-I6 content and 
concomitantly transform such cells into established cell lines. Such 
studies are underway at present. Wholly irrespective of the E-16 
chromosome issue, the question of whether or not established cell line 
production is possible with radiation alone is one of the most central 
Tmportance in the entire area of the somatic effects of radiation. 


SELECTED PUBLICATIONS OF THE BIO-MEDICAL DIVISION 
OF PARTICULAR RELEVANCE TO PLOWSHARE EVENTS 


Anspaugh, Lynn R., Special Problems of Thyroid Dosimetry: 
Considerations of 113! Dose as a Function of Gross Size and 
Inhomogeneous Distribution, UCRL-!2492, Lawrence Radiation Laboratory, 
Livermore (March 25, 1965). 


Anspaugh, Lynn R., John W. Gofman, Ora A. Lowe and Walter H. Martin, 
X-ray Fluorescence Analysis Applied to Blological Problems. In Proceedings 
of 2nd Symposlum on Low Energy X= and Gamma Sources and Applications 
(March 1967) p. 315. 


Anspaugh, Lynn R. and Wlillam L. Roblson, Quantitative Evaluation 
of the Blological Hazards of Radiation Assoclated with Project Ketch, 
UCID-15325, Lawrence Radiation Laboratory, Livermore (May 8, 1968). 


Burton, C. Ann and Michael W. Pratt, Prediction of the Maximum 
Dosage to Man from the Fallout of Nuclear Devices. Itl. Blological 
Guldetines for Device Design, UCRL-50163 (Pt. II1 Rev. 1), Lawrence 
Radiation Laboratory, Livermore (1968). 


Chapman, Willlam H., The Changing Frequency of Thyrold Carcinoma 
and Hashimoto's Thyrolditis as Retated to Diagnostic Criteria, lodlzed 
Salt and Radiation, UCRL-50376, Lawrence Radiation Laboratory, Livermore 
(1968). 


Chapman, WillltamH., H. Leonard Fisher and Michael W. Pratt, 
Concentration Factors of Chemical Elements In Edible Aquatic Organisms, 
UCRL-50564, Lawrence Radiation Laboratory, Livermore (1968). 


Chertok, Robert and Suzanne Lake, The Availability In the Peccary 
Plg of Nuclear Debris from the Plowshare Excavation, Buggy. (in preparation) 


Chertok, Robert and Suzanne Lake, A Field Study of the Availability 
in the Domestic Pig of Nuclear Debris from the Plowshare Excavation, 
Schooner. (In preparation) 


Cranston, Fred P. and Lynn R. Anspaugh, Preliminary Studies in 
Nondispersive X-ray Fluorescent Analysis of Biological Materials, UCRL-50569, 
Lawrence Radlation Laboratory, Livermore (January 6, 1969). 


Fisher, H. Leonard, Prediction of the Maximum Dosage to Man from 
the Fallout of Nuctear Devices. VI. Transport of Nuclear Debris by 
Surface and Groundwater, UCRL-50163 (Part Vt), Lawrence Radiation 
Laboratory, Livermore. (In preparation) 


Geesaman, Donald P., A Study of the Effects of Insoluble Alpha~-Emitting 


Aerosols on Deep Respiratory Tissue, UCRL-50387, Lawrence Radlation 
Laboratory, Livermore (!968). 


614 


Gotman, John W., The Hazards to Man from Radioactivity. in 
Engineering with Nuclear Explosives (Proceedings of the Third Plowshare 
Symposium, University of California, Davis, Apri{ 21, !964), T10-7695 
(1964). 


Gofman, John W., J. L. Minkler and R. K. Tandy, A Specific Common 
Chromosomal Pathway for the Origin of Human Matignancy, UCRL-50356, 
Lawrence Radlation Laboratory, Livermore (Nov. 20, 1967). 

Harrison, Florence L., Accumulation and Distribution of wn?4 and 
2n65 In Freshwater Clams. Proc. 2nd Natl. Symp. of Radloecology, 

Ann Arbor, Mich., AEC, ESA, and Unlv. of Mich., May I5-!7, 1967, In press. 


Harrison, Florence L., Concentration Factors - Thelr Use and Abuse, 
UCRL-50347, Lawrence Radlation Laboratory, Livermore (Nov. 7, 1967). 


Harrison, Florence L., Physical and Chemical Characteristics and 
Biological Avallablilty of Debris from Underground Nuclear Detonatlons, 
UCRL-50596 (in press). 


Harrison, Florence L. and Dorothy J. Quinn, Short-Term Studies 
on the Accumulation and Distribution of 46Sc, 5!Cr, 29Fe, 60Co and 
'55Eu in Anodonta nuttalilana Lea, UCRL-71607, to be submitted to 
Health Physics. 


Hatch, F. T., J. A. Mezrimas, G. G. Greenway, J J. Koranda and 
J. L. Moore, Studies on Liver DNA In Tritlated Kangaroo Rats Living 
at Sedan Crater, UCRL~5046!, Lawrence Radiation Laboratory, Livermore 
(1968). 


Heft, Robert E. and Witliam A. Steele, Procedures for the Systematic 
Separation and Analysis of Radloactive Particles from Nuclear Detonations, 
UCRL~50428, Lawrence Radiation Laboratory, Livermore (May 17, 1968). 


Heft, Robert E., The Character! zation of Rédloactive Particles from 
Nuclear Weapons Tests. Advances tn Chemistry, !h press. 


Korahda, John J., Preliminary Studies of the Persistence of Tritium 
and Carbon-|4 In the Pacific Proving Ground. Health Physics It, 1445 
(1965). 


Koranda, John J., Agricultural Factors Affecting the Daily Intake 
of Fresh Fallout by Dairy Cows, UCRL-12479, Lawrence Radlation Laboratory, 
Livermore (March 19, 1965). 


koranda, John J., Residual Tritlum at Sedat Crater. Proc. 2nd 
Natl. Symp. on Radioecology, Ann Arbor, Mich., Mey (5-17, 1967 (tn press). 


Koranda, John J., J. R. Martin and R. W. Wikkerink, Residual Tritium 


at pra Crater. Part ||. Soil and Ejecta Studles. UCRL-50360, Lawrence 
Radiation Laboratory, Livermore (Dec. 7, 1967). 


615 


Koranda, John J., J. R. Martin and R. Wikkerink, Leaching of 
Radionuclldes at Sedan Crater. Advances in Chemistry (in press). 


Ng, Yook C., C. Ann Burton and Stanley E. Thompson, Prediction 
of the MaxImum Dosage to Man from the Fallout of Nuclear Devices. IV. 
Handbook for Estimating the Maximum Interna! Dose from the Deposition 
of Radionuclides Released to the Biosphere. UCRL-50163 (Pt. IV), 
Lawrence Radlatlon Laboratory, Livermore (1968). 


Ng, Yook C., C. Ann Burton and Stanley E. Thompson, Prediction 
of the Maximum Dosage to Man from the Fallout of Nuclear Devices. IV. 
Handbook for Estimating the Maximum Internal Dose from Radionuclides 
Released to the Biosphere, UCRL-50163 (Pt. IV ADD. |), Lawrence Radiation 
Laboratory, Livermore (1968). 


Phelps, Paul L., Keith O. Hamby, Bernard Shore and Gilbert D. Potter, 
Ge(Li) Gamma-Ray Spectrometers of High Sensitivity and Resolution for 
Blological and Environmental Counting, UCRL-50437, Lawrence Radiation 
Laboratory, Livermore (May 24, 1968), 


Potter, G. D., David R. McIntyre and Deborah Pomeroy, Transport 
of Fallout Radlonuciides In the Grass to MII k Food Chaln Studled with 
8 Germanium Lithium-Drifted Detector. Health Physics 16, 297 (1969). 


Potter, Glibert 0., Deborah Pomeroy and David R. McIntyre, Res! dual 
Gamma-Emitting Radionuclides In Nevada Range Cattle as Observed with a 
Lithtum-Drifted Germanium Detector, UCRL-70812 (1967). 


Potter, Gilbert D., David R. Mcintyre and Gerald M. Vattuone, 
Biological Avallabillty of Radionuclides from an Accidental Nuclear 
Venting tn the Dalry Cow. (In preparation) 


Potter, Glibert D., David R. Mcintyre and Gerald M. Vattuone, 
‘Biological Avallabl lity of Radlonuclides in the Dalry Cow from Cabriolet 
(a Plowshare nuclear crater!ng event). (In preparation) 


Potter, Gilbert D., Gerald M. Vattuone and David R. McIntyre, 
Maternal-Fetal Transfer of Orally Administered Radionuclides from Buggy 
(a Plowshare nuclear cratering event). (in preparation) 


Potter, Gilbert D., Gerald M. Vattuone and David R. McIntyre, 
Biological Avallabillty of Radionuclides from Schooner In the Dairy Cow. 
(In preparation) 


Saunders, E. W. and C. J. Maxwell, Paralleling Planar Ge(Li) 
Detectors for Counting Large Volume Biological! Samples, IEEE Transactions 
on Nuclear Science NS-15 No. |, 423 (1968). 


Stone, Stuart P., Chromosome Scanning Program at LRL. Part |. 


Chromo, a Set of Chromosome Pattern-Recognition Programs, UCRL-50364 
Part |, Lawrence Radiation Laboratory, Livermore (Nov. 25, 1967). 


616 


Tamptin, Arthur R., todine-131, ltodine-133 and Cow Milk, 
UCRL-14146, Lawrence Radlation Laboratory, Livermore (1965). 


Tamptin, Arthur R., Discussion on "Thyroid trradiation in Utah 
tnfants Exposed to lodine-131." Scientist and Citizen 8 (9), 3 (1966). 


Tamplin, Arthur R., Estimation of Dosage to Thyroids of Children 
In the U.S. from Nuclear Tests Conducted in Nevada During 1952 and 
1955, UCRL-70787 (November |967). 


Tamplin, Arthur R., Prediction of the Maximum Dosage to Man from 
the Fallout of Nuclear Devices. |. Estimation on the Maximum Contamination 
of Agricuitural Land. UCRL-50163 (Part 1), Lawrence Radiation Laboratory, 
Livermore (1967). 


Tamplin, Arthur, R., H. Leonard Fisher and William H. Chapman, 
Prediction of the Maximum Dosage to Man from the Fal tout of Nuclear 
Devices. V. Estimation of the Maximum Dose from Internal Emitters 
in Aquatic Food Supply. UCRL=50!163 (Pt. V), Lawrence Radlatlon 
Laboratory, Livermore ((968). 


617 


TABLE I 


ESTIMATED MAXIMUM DOSAGE® VIA MILK TO THE CHILD'S 


WHOLE BODY AND BONE FROM 239py FISSION PRODUCTS 


Whole Body Bone 
Radionuclide {rad/kt) (rad/kt) 
131, 0.31 0. 16 
136¢, 0.26 0.26 
May 0.19 0.12 
133, 0.14 0.11 
IIMo 0.098 0.14 
895, 0. 080 0.60 
sa of 0. 065 0. 065 
905. 0.053 0.45 
1405, 0.010 0.083 
1320, 0.009 0.010 

Total 1.2 2.0 


a ro H 
As a consequence of wet deposition by rainout at 12 hours 


after detonation. 
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TABLE II 


ESTIMATED MAXIMUM DOSAGE® VIA MILK TO THE CHILD'S WHOLE BODY 


AND BONE FROM ACTIVATION PRODUCTS PRODUCED IN GRANITE 


Whole Body Bone 
Radionuclide {rad/mole) (rad/mole) 

24na 2.7 2.7 
325 0. 038 0.22 
86ny 0.038 0.038 
B4ny 0.028 0.028 
42% 0.019 0.019 
1346, 0.009 0.009 
22Na 0,004 0.004 
454 0.003 0.031 
825, 0.001 0.001 
Total 2.8 3.1 


2 Asa consequence of wet deposition by rainout at 12 hours after detonation. 


TABLE III 


ESTIMATED AND MEASURED CONCENTRATION OF RADIONUCLIDES 


IN GRASS AND MILK 


Forage (pCi/kg) Milk (pCi/kg) 
Radionuclide Estimated Measured* Estimated Measured* 
131, 5000 5000 1000 930 
Ife, 19 43 3 2 
99Mo 1110 1050 82 20 
1405, 5550 5740 33 7p 
1324, 900 1510 9 7 


Potter, G. etal., ‘Biological Availability of Radionuclides in Fallout 
from the Chinese Nuclear Test of December 1966," Lawrence Radiation 
Laboratory, Livermore, Rept. UCRL-70301 (1966). 


b Determined as 14054/ 1407. 
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TABLE IV 


RADIONUCLIDE DISTRIBUTION VALUES FROM CRATERING EVENTS 


Fraction of nuclide in: 


Slag —s—“‘éL teal ejecta Vertical ejecta.___Cratering event g event 
1440, 1.00 All events 
1320, 0.393 0.553 0.054 A 
13%, 0. 133 0.442 0.425 A 
1G 0. 264 0.063 0.673 B 
13764 0.060 0.015 0. 925 B 
Mle. 0.922 0.074 0. 004 c 
7c, 0. 103 0.474 0.423 Cc 
Mle. 0. 695 0.302 0.003 D 
18s 0. 100 0.590 0. 310 D 

131, 0.538 0.457 0.005 D 
181, 0.715 0.283 0.002 D 
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TABLE V 


RADIONUCLIDE CONTENT (pCi/kg) OF ORGANS OF GOAT WHICH RECEIVED 


INHALABLE FRACTION OF RADIONUCLIDES FROM 


CRATERING EVENT 


1405, 4/ 140; 


1 
3276 2035, 131, 198, 103R4 122.) 187.) 


141, 


990 


ND* 45 400 55 


20 


25 570 


90 


30 


Mammary Gland 


80 


30 


25 1190 


70 


15 


Milk 


ND 950 20160 ND 


570 


1850 2560 62830 


ND 


485 


Thy roid 


1130 


ND 2470 


ND 


2060 110 


257 


Ovary 


350 


ND 


30 


260 


73 


32 


Fat 


1 2.2 0.50 0.2 0.11 1, 12. 1. 


1 


13 


Filter 


*ND {not detectable) 


picocuries per liter 
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TISSUE/ PLASMA RATIost OF MATERNAL AND FETAL TISSUES FROM A 
PREGNANT COW FED DEBRIS FROM PLOWSHARE NUCLEAR CRATERING EVENT 


Maternal plasma 10, 1.0 1.0 1.0 1.0, 1,0, 1.0 10, 
Maternal spleen 1.56 0.52 0.19 ND 25. 35 169. 0, * 50, 2. 90, 
Maternal pancreas 0. 37, 0.18 0,21 ND, 4.2, 230.0, 1.06, 4.55, 
Maternal mammary 1,40 0.45 0.51 Lady 4. 4, 115.0, 16.5 . 2.25, 
Maternal bile 0.003 0.12 0.6L 3.7 49.9 2, 846. o,. 1.3 * 2. 10, 
Maternal placenta 0.62 0. 40 0.69 ND ND , 340.0, 3.0 3.30, 
Amniotic fluid 0.35, ND * 0.31 ND , 21.6, 9.6, 0.2 ¥ 0. 26, 
Maternal kidney 8.60 10.09 0.45, 9.8 88.0, 423.0, 8.10 3. 56, 
Fetal kidney 0. 26 0. 06 Ll. 26, ND 4.7 128.0 0,12 4,20 
Maternal thyroid 0. 60 ND 5,450.0 * ND ND ND ND ND 
Fetal thyroid 0.005 ND 10, 500.0 ND ND * ND * ND ND * 
Maternal muscle 0.094 0.04 0.05 ND, 3.0, 111.0, 0.21 4.27, 
Fetal muscle 0. 029 0. 03 0.05 2.2 3.4 71.0, 0.16 3, 87, 
Maternal liver 3.14 0.93 Oo. 32, ND ND 200. 0, 0,44 2. 14, 
Fetal liver 0.033 0.025 1.27 ND ND, 118, 0, ND 2.38, 
Maternal blood 0,05 0, 83 0. 67, ND , 3.8 26. 0, 1.0 3.20, 
Fetal blood 0. 069 ND 1.97 2.8 ND r 27, Oo, ND 4, 50, 
Maternal RBC 0. 096 0.68 0.12 ND 8.0 37. 8. 0. 29. 4.55 
Maternal bone 1,41 0. 60 0.10 ND ND 34.0, 55.0 | ND , 
Fetal bone 21.2 Z ND 0.67 ND ND 45, 5 113,0 * 5.70, 
Fetal cartilage 12.8 * ND 0. 66 ND, ND 30.0, 91.0 | 3, 80, 
Maternal marrow 0.19, ND ND 3. 5 ND 33.0, 4. 30. 9. 64, 
Fetal marrow 1.14 ND 0. 87 6.1 ND 27.4 76.0 232 
Total pCi in 10 8 9 8 8 

Admin. dose 2.07 10 2.6 10 2.79% 10 2.76 10 ND ND 6.38 10 ND 
pCi/100 g 3 2 5 2 2 

Mat. plasma 8.46 x 10 9.37« 10 1.21 10 1.33 x 10 2.3 6.05 1.33 x 10 99.0 


t pCi in 100 g tissue/pCi in 100 g maternal plasma (wet weight) 
* Tissues with tissue/maternal plasma ratio >1,0 
ND = Not detected 
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TABLE VIII 


DISTRIBUTION COEFFICIENTS IN SYNTHETIC SEA WATER OF DEBRIS 
RADIONUCLIDES FROM A CRATERING EVENT 


Size of particles in fraction 


Radionuclide > 1000 < 4000 yp >250 < 1000 » >62 < 250 <62yp 
54 
Mn 3,400 4,900 4, 100 2,500 
58 a a a a 
Co 4,500 15, 000 6, 500 180 
59, NDP Nb? ND? ND? 
103 
Ru 4,900 2,900 1,000 1, 400 
245, 520 160 4 83 
1405, /140,, 260% 522 19% 40# 
M41e. 47, 000% 3, 100% 2,.4008 8, 2008 


® Fractional standard deviation of data > 0.20. 


> Not detected. 
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TABLE KX 


RADIONUCLIDE CONCENTRATIONS IN TISSUES OF MARINE ANIMALS EXPOSED TO 


SEA WATER CIRCULATED THROUGH DEBRIS FROM A CRATERING EVENT 


Days 
of 

Animal and Tissue Exposure 54uin 10324 1245, 131, 140547 140, Mle, 
Fish, whole body 6 270° 2,200 7,100 320,000 290,000 @ 
(Gobiosoma bosci) 
Clam, edible portions 20 960° 1, 700 520° 16, 000 16, 000° 1, 100° 
(saxidomie giganteus) 
Crab, muscle 20 1,800 1,400 2,300 210,000 310,000 1, 400° 
(Cancer productus) 
Crab, viecera 20 1,700 14,000 11,000 9,500,000 2,100,000  690,000° 
Sea Water 
Day 6 280° 2,900 6, 600 4,500 220,000 110 
Day 20 470° 3,900 13,000 31,000 230,000 250 


* Corrected for decay to time of detonation of event. 
> Fractional standard deviation of data > 0.20. 


© Low level, not quantitated. 
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TABLE X 


RADIONUCLIDE CONCENTRATIONS IN TISSUES OF FRESHWATER ANIMALS 
EXPOSED TO POND WATER CIRCULATED THROUGH DEBRIS FROM A 


CRATERING EVENT 


Days Radionuclide Concentration pCi/kg 
of 

Animal and Tissue Exposure 54uin 103ny 45, 131; 14057 140), M4le, 
Fish, muscle 7 b 4,100° b b b 620 
(Carassius auratus) 
Fish, viscera and skeleton 7 b 2,400 6, 100 230, 000 360, 000 2, 100 
(Carassiue auratus) 
Clam, edible portions 21 440° 6,200 15,000 150,000° 180,000 b 
(Anadonta nuttalliana) 
Crayfish, muscle 21 b b b b 47, 000° 3, 500° 
(Astacus sp.) 
Crayfish, viscera 21 6,000 39,000 12, 000° 4,300,000 4,600,000 16, 000 
(Astacus sp.) 
Pond Water 
Day 6 830 3, 100 3, 600 28, 000 110, 000 620 
Day 20 ND? 5,300 8, 800 84,000 150, 000 np? 


* Corrected for decay to time of detonation of the event. 
Low level, not quantitated. 
° Fractional standard deviation of data > 0.20. 


IND {not detectable) 
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TABLE XI 
CONCENTRATION RATIOS OBSERVED IN FRESHWATER AND MARINE ANIMALS 


EXPOSED TO WATER CIRCULATED THROUGH DEBRIS FROM A 


CRATERING EVENT 


Concentration ratios: 


Days of 
Animal and Tissue Exposure 54uin 10324 1245), 131, 140547 140), is lee 
Fish, whole body FW 7 a 0.8 2 8 3 
sw 6 yb 0.8 yb 7 1.3 a 
Clam, edible part FW 21 440> 1.2 2 2> 13 a 
NDec 
SW 20 2b 0.45 0.1 a.5 0.1 4> 
b 
Crustacean, muscle FW 21 a a a a 0, 3> 52008 
SW 20 ab 0.4 0.26 7 1.3 6? 
Crustacean, viscera FW 21 6, 000 7 ie 3b 51 31 16, 000 
~ Nbt ~ NDT 
sw 20 4> 4 0.9 300 9 2, 800> 


a 
Low level, not quantitated. 
B Fractional standard deviation > 0.20. 


© Not detected 


629 


Log Relative Activily 


952,13, 
Im, %,, 


Fry 


Energy KeV 2048 


Figure |. Comparison of two spectra from the same air-filter sampte 
(presumed Chinese test). Upper spectra obtained with a 
4x 4 in. Nal (TI) scintiltation system. Lower spectrum 
obtained with our 8-cm> planar Ge(Li) detector. 


24-hr feces 


- 24 = hr urine 


Figure 2. Gamma-ray spectra from various biological materials from 
a dairy cow that had been previously fed radioactive debris 
collected at the site of a nuclear detonation. 
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Liquid nitrogen feed tube 


Atumiaum cold finger: Liquid nitrogen 


FET preamplifier leads 7 
to main preamplifier Feed-through 


Vacuum 


Cooled FET 
preamplifier 


Cryostat (Linde, 10-liter) 


Aluminum detector mount 


Aluminum vacuum 
chomber 


Aluminum disc 


Vac-ion pump (Varion, S-liter) 


Raise-lower mechanism 


1/32-in. Fiberglass disc 
Ge (Li) diode 

0.060 in. beryHium 

Maite preamplifier 

( LE-14451 ) 

Diode chamber (see detail } 
Large somple chamber 
Small sample 


Nal (TI) erystol 
(8 in, diom X 6 in. thick) 


Raise-jower crank 


-Photomultiptier 
(5-in., R 


Anticoincidence 
shield (NE-102 plastic} 


Sample door 


Sample tongue 


Nal fight pipe 


{8 in. diom X 3 in. thick} Main det 


4-in, lead shield 
Thrust bearing Top annulus drive mechanism 
Top annulus drive motor 


Photomultiplier (5 in., RCA~8055 ) 


Phatomultiplier (3 ée., RCA-8054 ) 


Figure 3, A schematic drawing of the gamma-ray spectrometer used in 
the Bio-Medical Division. The details of the Galli) chamber 
and cooled FET preampiitier are given in the upper feft corner. 
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Figure 5. Air concentration of tungsten-18! as a function of time 
observed after Project Schooner. 634 


Ol | 10 100 
HOURS —3 


Figure 6. Air concentration of lodine-I3l as a function of time 
observed after Project Schooner. 
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Figure 8. Uptake, retention and excretion in pig of antimony-I22 from 
debris from Plowshare cratering event that was orally admin- 
istered to the animal. 
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Air concentration of tellurium-|32 as a function of time 


observed after Project Schooner. 


Figure 7. 
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Figure 9. Uptake, retention and excretion in pig of cerium-i4! from 
debris from Plowshare cratering event that was orally 
administered to the animal. 
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Figure [0. Uptake, retention and excretion in pig of iodine-13! from 
debris from Plowshare cratering event that was orally 
administered to the animal. 


638-639 


Cpm/!lO00 gm 


DEBRIS FED COW 
ISIt (T 172 8.050) 


24 48 72 96 104 
AFTER ADMINISTRATION (HRS.) 


Figure 11. lodine-!31 content of milk, plasma, urine and feces of 


eA event. 
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lactating cow fed nuclear debris from a Plowshare cratering 


DEBRIS FED COW 
140, /'4% g 


102 Feces 
I: 


£ 

Lo )] 

S 

= 10° 

= 

a 

oO 
10 
lO" 


0 24 48 72 96 20144 
AFTER ADMINISTRATION (HRS.) 


Figure 12. Barium-140/lanthanum-140 content of milk, plasma, urine and 
641 feces of lactating cow fed nuclear debris from a Plowshare 
cratering event. 
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Radionuclide content of feces of animal fed nuclear debris 


from a Plowshare cratering event. 


Figure 14. 
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System used in determining biological availability of Plowshare 


cratering debris to aquatic animals. 


Figure 15. 
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Specific activity of tritium in plants growing on Sedan ejecta. 


Figure 17. 
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Flgure 18. Body-water tritium concentrations in mammals living at Sedan 
Crater. 
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Figure 19. Effects of seasonal rainfal! on soil-water fritium profile 
in Sedan ejecta. 
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DEPTH (Feet) 


Inventory of tritium and other radionuclides at Sedan Crater. 


Figure 20. 


QUESTIONS FOR BERNARD W. SHORE 


From Dr. Sternglass: 


To what extent is research planned to follow up on the indication 
that strontium-90 may be incorporated in genetic material leading 
to Increased fetal and neonatal deaths both in experimental ani- 
mals and man? 


ANSWER: 


The first thing | would want to say is the processes of data would 
Indicate that strontium-90, when incorporated in genetic material, 
wlll result in tncreased fetal and neonatal deaths both in experi- 
mental animals and in man. The other point ! would like to make 

is that the AEC and the National Institutes of Health are supporting 
much research in the area of low dose effects of radiation and these 
studles include studies on the effects of strontium-90 on genetic 
material; we do some fn our own laboratory, but the tests have 

not been developed. But | think in the past the problem has been 
one of developing an appropriate system. Quite obviously the system 
has to be one at the genetic and biochemical level because the 
changes you see are going to be very small and are going to re- 
quire a lot of what is called basic or fundamental research in 

this area. It might very well be that the limit on strontium-90 

or any environmental pollutant does require research until we 

know what causes cancer or causes leukemia, what causes unbalanced 
cell growth, and one of the fundamental processes of regulation 

and control in humans or animals. So research is being done in 

the area of relationship between radionuclide and population and 

in genetic material such as chromosomes and nucleic acids and 

their possible effect on fetal and neonatal deaths. 


From Darry! Randerson: 


You mentioned that your gamma-ray spectrometer could resolve radio- 
nuclide concentrations as sma!! as 0.02 picocuries. What is the 
significance (accuracy) of this number? What are the advantages 

of your spectrometer measurements as compared to activation analysis 
techniques which have as good or better resolution? 


ANSWER: (Paul Phetps) 


The significance of being able to detect very low levels of radio- 
nuclides allows the establishment of uptake by plants and animals 
subjected to low levels of fallout. For exampte, 10 pCi of 
cesium-137 contained in two liters of cow's milk can be ascertained 
to an accuracy of + 20%. In addition, this spectrometer may be 
used for determining activation products produced by neutron acti- 
vation procedures. In fact, the quality of neutron activation 
analysis is dependent upon the resolution of the spectrometer. 
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Activation analysis has no applicability for determlning radionuclide 
contamination, but is very useful in elemental analysis. 
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RADIOLOGICAL SAFETY RESEARCH FOR NUCLEAR EXCAVATION PROJECTS - 
INTEROCEANIC CANAL STUDIES 


A. W. Klement, Jr. 
U.S. Atomic Energy Commission 
Las Vegas, Nevada 


ABSTRACT 


The general radiological problems encountered in nuclear 
cratering and nuclear excavation projects are discussed. 
Procedures for assessing radiological problems in such pro- 
djeets are outlined. Included in the discussions are source 
term, meteorology, fallout prediction and ecological fac- 
tors. Continuing research requirements as well as pre- 
and post-excavation studies are important considerations. 

The procedures followed in the current interoceanie canal 
feasibility studies provide examples of radiological 
safety problems, current solutions and needed research. 
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Many of the papers presented at this symposium have discussed re- 
search directed toward development of radiation protection guidance for 
Plowshare projects or the application of such guidance. There are 
several areas jin which radiological safety problems can be attacked 
in this regard. These will be discussed here in terms of current ap- 
Proaches and some of the requirements for their improvement. The con- 
text in which they are presented here may be broader than some workers 
In the field would consider. Much of this discussion will reflect 
experience in the current interoceanic sea level canal feasibility 
studies conducted under the auspices of the Atlantic-Pacific !nteroceanic 


Cana! Study Commission. In these studies, a great deal of research 
has been conducted and additional needs have become apparent. A brief 
description of the interoceanic canal studies will be given here, 


especially of the nuclear safety aspects. For more detailed informa- 
tion on the overall program, reference is made to other publications 
(1-5). 


The objectives of the interoceanic cana! studies are to investi- 
gate the various aspects of construction of a sea level canal in the 
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American isthmian region. Primary consideration is given to excava- 
tion along routes in the vicinity of the Panama Canal by conventional 
means (Routes 10 and 14) and along routes in eastern Panama (Route 17) 
and northwestern Colombia (Route 25) by nuclear means, or a combina- 
tion of nuclear and conventional means (Figure |). Under considera- 
tion for nuclear excavation is a canal cross section providing a 
Navigation prism |,000 feet wide and 60 feet deep. Route 8, along 
the Nicaragua and Costa Rica border, involves a conceptual study only 
and will not be discussed here. Initial possibilities that were con- 
sidered for nuclear excavation along Routes |7 and 25 included the 
elements in Table |. While studies of the plans for excavation have 
not been concluded and will undoubtedly be different from these, this 
table indicates the extent of the program under consideration. 


In connection with these studies several comprehensive pro- 
grams were established and are continuing. The Atomic Energy 
Commission's role in these studies included nuciear safety programs 
in (1) airblast, (2) ground shock, (3) radioactivity, and (4) nuclear 
operations. Of these, the radioactivity studies are by far the most 
extensive. Other studies conducted by the Army Corps of Engineers, 
which to some extent provide information of importance to nuclear 
safety activities, include (1) topography, (2) geology, (3) hydrology, 
(4) medico-ecology, (5) nuclear excavation design, and (6) conventional 
engineering. While the discussion here is directed toward radiological 
problems, these should be kept in context with the overall purpose and 
other problems of equal or greater significance. 


An assessment of a radiological situation in connection with a 
nuclear excavation project involves a number of factors. First, a 
description of the kinds, nature and amounts of radioactivity pro- 
duced in proposed nuclear detonations is required. Also, the time 
Sequence of radionuclide production is important. Together these may 
be designated the "source term." The nuclear devices contemplated 
for future excavation projects are relatively low in fission nuclide 
Production. Much of the radioactivity produced will be through neutron 
activation of surrounding materiais. While many of the radionuclides 
so produced are short-lived, they must be considered from the stand- 
point of total amounts produced. Therefore, the ability to estimate 
production of these nuciides becomes important. Through tests in the 
Plowshare program reliable estimates can be made of neutron-activated 
material associated with the device, as well as the fission products. 
This constitutes one area requiring study along with device design 
experiments. 


Radionuclides produced through neutron activation of environmental 
material surrounding the device are, of course, dependent on the ele- 
mental constituents of the material which varies with geographical lo- 
cations. Estimates of production of these radionuclides must be based 
on assumed constitution of the media in which devices will be emplaced. 
Where samples of such media can te cbtained and chemical analyses made, 
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the assumptions involved are improved. For feasibility studies of 
large-scale nuclear excavation projects, such as the proposed sea 
level canal, it is not practical to examine material at such em- 
placement site. However, data obtained from a variety of forma- 
tions and geographical locations provide a basis for estimating a 
range of values for activation products. In general, it would seem 
that these estimates would be adequate for planning purposes. Ad- 
ditional experience through testing in different media may improve 
our ability in this regard. 


The next area of concern js the distribution of radioactivity 
in the detonation process. Because of its immediate importance, 
atmospherle transport and deposition Is considered first. The ele- 
ments required for estimation of atmospheric transport and deposition 
include estimates of the radloactivity released to the atmosphere. 
This varias over a wide range for a given nuclear yield and depth of 
burial; again, it is dependent on the detonation environment. Also 
again, the better the environment is known, the better assumptions 
can be made in this regard, and our ability to predict these factors 
will improve through testing In different media. Based on some actual 
geological data estimates of these factors were made in the canal 
studies. A similar situation exists with regard to the dimensions of 
nuclear clouds, another important element in predicting fallout. 


Through theoretical considerations and a great deal of experience 
in atmospheric weapons tests, close-in or local fallout prediction models 
have been developed which have proven reliable within the uncertainties 
of the elements mentioned above. These, of course, require knowledge 
of meteorological conditions. Here, it is important to have reliable 
data, more than climatological. For preliminary or feasibility studies, 
it is necessary to ascertain the frequency of favorable conditions, 

i.e. conditions under which fallout is confined to acceptable radia- 
tion levels within a designated sector or zone. Where such information 
is poorly known (and orographic situations require assessment), field 
Programs are required to obtain It as is the case in the canal studies. 
With these data and assumptions, estimates can be made of locally de- 
posited radioactivity. However, areas of weakness in our ability to 
assess this factor are (1) washout and rainout effects, (2) transport 
and deposition of tritiated water, and (3) transport and deposition 
beyond the local faltout zone. These, especially the first two, are 
not at ali well-known and constitute items needing further research. 


The remainder of the technical problems with assessing radio- 
logical situations deal with biological transport and its consequent 
effects on man. The external gamma radiation situation can be assessed 
from the treatment of deposition mentioned above. Situations so assessed 
which indicate an unacceptable situation obviously preclude the need 
for assessment of possible internal human radiation exposure. However, 
the latter contributes to total exposure and in certain cases can be 
critical. It is by far the most difficult assessment to make because 
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of its complexity and its dependence on specific environmental informa- 
tion. The process involves tracing radionuclides through food webs to 
man. Here, it is necessary to consider also the radioactivity which 

was not released to the atmosphere. For example, ground water contamina- 
tion needs consideration. Information required includes data on human 
populations and habits, particularly dietary data. The nature of the 
Population and Its habits will determine the ecological data needed. 
These, of course, vary widely with geographical regions as does the ex- 
tent of available knowledge concerning them. As in the canal study 
situation, field studies to some degree at least are required. 


Mathematical models, ranging from very simple to highly com- 
plex, have been developed to estimate interna! radiation exposures 
to human populations. In general, the very simple models are highly 
empirical and teave much to be desired in assessing complex situations. 
On the other hand, the highly sophisticated models require data which 
are not available and are highly theoretical, perhaps only mathematically. 
Compromises have been suggested which appear to be practical, even 
though some assumptions must be made. In general, reasonable and 
practical field studies supplemented by existing information can pro- 
vide the basic animal and plant population data required. A great deal 
is known with regard to many food webs and transport of a number of 
radionuclides through them. For some food webs and some radionuclides, 
it is necessary to make assumptions, and in a number of cases with few 
current bases. It is in these areas where continued and additional 
research is required. The behavior of some elements In man should be 
among these research goals. 


The effects of radiocontamination of plants and animals other 
than man, as it may Indirectly affect man, should be considered. in 
some cases, because of other activities (rapid urbanization or develop- 
ment) radiation effects could easily be dismissed. In any case, some 
assessment is possible at present. 


The last element to be discussed here Is radiation protection 
guidance. To some extent al! of the above should be considered in 
discussions of radiation protection guidance. The application of our 
knowledge of radiation effects, and the lack of it, to the establish- 
ment of guides are obvious and have been discussed by others here. 
Considerable research is being conducted in this area, and as methods 
and techniques improve, the bases for radiation guides wi]! become more 
sophisticated. As mentioned above, some advances can be made through 
research into the behavior of certain radionuclides in man. The major 
problems in the area of radiation protection guidance seems to be in 
the application and interpretation of guidance. Arguments of these 
problems often go far beyond our technical knowledge. The balance 
of risk and benefit concept is a difficult one to apply. The scales 
used for the balancing are seldom adjusted properly. This is an area 
where the researcher as well as the applied scientist and engineer 
can contribute to solutions of problems. tf the problem Is approached 
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and reported in a scientific manner, at least the balancing process 
can be made easier in many respects. 


The current interoceanic sea level canal feasibility study 
offers a good example of problems in radiological safety, along with 
other safety problems. The proposed project is the largest and most 
complex of any to date which could involve nuclear excavation. Also, 
it has involved the most detailed study of radiological safety of any 
Proposed project to date. The approach being used in the studies in- 
volving nuclear excavation will be described briefly below. 


The studies were begun assuming nuclear excavation designs 
for Routes 17 and 25 developed in the 1964 study which are summarized 
in Table 1. The final plans, yet to be arrived at, will depend on 
geological investigations, current cratering technology and safety 
considerations. Based on these preliminary designs and future nuclear 
devices contemplated for the projects, estimates were made of the radio- 
nuclides that would be produced in each detonation (6, 7). As men- 
tioned above, the chemical composition of media of detonation points 
were assumed initially. Based on nuclear cratering experience to date 
and assumed geology, the percent of radioactivity entering the atmos- 
phere and cloud heights were estimated for each detonation (4). These 
provided preliminary source term information. 


Also, the radionuclides produced were anatyzed as to their pos- 
sible importance with regard to internal radiation dose to man. This 
involves a process of elimination from a list of several hundred radio-~ 
nuclides. A number of these can be eliminated on the basis of their 
very short half-lives or the very small quantities produced. The re- 
mainder are analyzed (8-10) from the standpoint of their contribution 
to potential total internal radiation exposure, either to critical 
organs or whole body exposure. For this purpose, data for and methods 
of estimating exposure recommended by the Internatlonal Commission on 
Radiological Protection ({CRP) were employed. In addition, analyses 
were made employing the specific activity concept in a very conserva- 
tive manner (7, 9, I1). For exampfe, one can arrive at "Maximum 
Permissible Specific Activities” (MPSA's) based on ICRP values of 
Maximum Permissible Concentrations (MPC's) and stable element concen- 
trations in "Standard Man." From these a list can be made of the 
relative importance of each radionuclide, then assuming the MPSA's 
to be reached, those contributing to about 99% of the internal dose 
can be determined. The remainder would be of little significance. 
Other similarly conservative estimates can be made, thus confirming 
the adequacy of this approach. The purpose of this analysis is not to 
ignore some radionuclides but to determine which require more intense 
study and especially to determine which stable element analyses should 
be made in field samples. 


Two weather stations were established on each route being con- 
sidered for nuclear excavation. From these stations meteorological 
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data were obtained for ta)Jout prediction purposes (4). Operations were 
for about 18 months on Route |7 and will be for about 24 months at one 
station on Route 25 (June 1969). Using wind data obtained over about 

a year, preliminary estimates of fallout indicated an area which may 
require evacuation of the indigenous population. Subsequently, an 
analysis was made to determine the days on which specific detonations 
could be conducted and the fallout confined to this exclusion zone. 

A similar process was carried out to determine days on which there would 
be no long range airblast damage. This provided an overall calendar 

of acceptable days for al! proposed detonations. With these a schedule 
for each detonation was made for planning purposes. Using this schedule, 
all available meteorological data available, and a rapid computer mode! 
developed for this purpose, specific fallout predictions were made for 
Route {7 excavation. The latter are currently in process for Route 25. 


These predictions are in the form of external gamma lifetime [so- 
dose contours for each detonation and a tota! for alt detonations. From 
basic source term data, these can be converted to quantities of each 
radionuctide deposited. These provide a preliminary basis on which to 
assess the radiological implications involved in nuclear excavation, 

The total! lifetime external gamma 0.1 R isodose contour for Route !7 

was well within the initially selected exclusion zone. However, be- 
cause of the uncertainties involved in the estimates and the possibility 
of unusual changes in wind patterns, it was not felt that the exclusion 
area should be reduced in area. 


Concurrent with the meteorological field studies were other 
studies, Among these were ecological investigations (8). These con- 
sisted of literature, field and laboratory studies in human, terrestrial, 
freshwater, marine, and agricultural ecology, as well as hydrologic 
modeling studies. These provided a reasonably detailed description of 
the areas in the various fields although, except for seasonal variations, 
few studies of dynamics were made. Human populations were described with 
regard to location and dietary customs, as well as other demographic 
variables such as population-area frends of the various groups. About 
tive distinct population groups are involved. 


Food webs leading to man were identified and elemental chemical 
analyses of environmental samples provide information on the biological 
availability and concentration of stabte elements in the various systems. 
With these data, ecological transport models can be realistically modified 
to represent more nearly the actual situation, and assumptions of radio- 
nuclide transfer coefficients are facilitated. As mentioned earlier 
the latter are currently poorly known for many situations, and this is 
so particularly for the geographical areas of interest to the canal 
studies. However, with the field and laboratory data along with 
available data in the literature, it is felt that reasonable assump- 
tions can be made. 


The overat! dose estimation model provides for total radiation 
dose estimates, internal and external. Estimates are made for each 
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distinct poputatlon group and for elements within each group, e.g. in- 
fants. This process of dose estimation has not yet been completed. 


As mentioned throughout this discussion, a number of initial 
or preliminary assumptions were used in the assessment. Nuclear exca- 
vation plans may change because of various factors such as actual 
geological data obtained, the results of chemical analyses becoming 
available (12), and additional experience in test programs. Also, 
changes may be made in nuclear device design and thus in the radio- 
activity produced. As these changes are made or occur, the radiolo- 
gical situation must be reassessed. In fact, while it does not ap- 
pear probable from information available to date, it is possible 
that nuclear plans may require changes to provide more favorable 
radiological situations. 


One of the important objectives of a feasibility study is to 
determine where problems may exist and suggest operational solutions 
to them. For this reason the studies mentioned here include analyses 
of operational methods and techniques as integral parts of the studies. 
\t is here that provisions are made tor uncertainties in estimates. tn 
nuclear operations plans are included facilities for detailed timely 
forecasts of radiological situations for each detonation and means of 
limiting detonations to times when situations will be most favorable 
from the standpoint of safety. Also, included are provisions for sur- 
veillance of situations following detonations and means for initiating 
countermeasures on a timely dasis. 


Along with the studies described here, an analysis of existing 
radiological protection guidance was made (10), since comparison of 
estimates with some guidance is necessary to an evaluation. The 
establishment of protection criteria tor nuclear excavation of a canal 
is clearly beyond the scope of the canal teasibility studies, and no 
attempt will be made to do this. However, it is felt that the studies 
will be useful in this regard and some possibilities will be suggested. 
The approach in the canal studies has been to present the best esti- 
mates possible in a scientific manner so that a balance of the bene- 
fits and risks can be made as objectively as possible. The results 
will be presented so that comparison with any criteria will be pos- 
sible. Perhaps the judgement involved in this balance should be 
among the bases of radiation protection guidance established for this 
and other specific applications of nuclear energy. Perhaps research, 
in its broader aspects, along such non-technical lines is as important 
as approaches to the biological effects of radiation. 
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PRELIMINARY EXCAVATION DESIGN DATA 


CISTHMIAN 


No. Detonations 
Devices per Row 
Device Yietds 

Depth of Burial 
Total Yield per Row 
Total No. of Devices 


Total Yield per Route 


¥Total length 100 mi. 


TABLE 


CANAL STUDIES-1964) 


Route |7 
(48.5 Mi.) 


22 
4-38 
200 KT - 10 MT 
675 - 2100 Ft. 
8.4 ~ 30 MT 
267 


292 MT 
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Route 25 


(39.3 Mi. 


245 MT 


)* 
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Figure 1. Proposed Sea Level Canal Routes 
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QUESTIONS FOR ALFRED W. KLEMENT 


From R. M. Stewart: 


In the Route 17 canal in Panama, what portion of the excavation 
might be nuclear? What maximum total yield is contemplated? 


ANSWER: 


On Route !7 in the preliminary studies, it was intended that this 
route be excavated completely by nuclear means. We now have actual 
geological Information on this route and this indicates that there 
are some problems and we are considering various methods of exca- 
vating some 20 miles of that route by a different system of nuclear 
excavation, a combination of nuclear and conventional, or a com- 
pletely conventional means. This decision has yet to be made as 
there are still studies being made on it. 


The maximum total yield contemplated, and again | have to go back 
to the preliminary design, for any one row charge the highest was 
30 megatons. This is still being considered. We would like to re- 
duce this to the lowest we can and’stilt do the job and there is 

a possibility that this would be done. But at this stage we're 
some ways from what actual design we have to have to excavate the 
canal. 


From George Collins: 


Would you care to comment on possible adverse ecological effects 
resulting from a sea level canal other than the possible radiolo- 
gical effects? (For example - intermingling of different species 
of marine flora and fauna from the two oceans.) 


ANSWER: 


This, of course, is an area in which | am not competent. ! can 
only say that a look at this problem is being made under the 
auspices of the Canal Study Commission by those, hopefully, who 
are competent. It is not an integral part of the Nuclear Safety 
Studies of course and it's beyond the general area you would ex- 
pect our office here to undertake. 


From E. A. Martell: 


How will physical properties of radioactive cloud debris in the 
wet Isthmus environment compare with those for Nevada cratering 
tests? 


How well can debris cloud heights be predicted for targe yield 
cratering shots in the wet isthmian environment? 
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ANSWER: 


First of all we have no experience with large scale cratering events 
anywhere. This is an area we certainly need information on and to 
continue In a large scale project using large yields, It's essential 
that the experimental Plowshare program continue in order to obtain 
Information which can be used. At the present time, we are forced 
to scale from the smaller shots that we have had in Nevada and ma~- 
terials are considerably different. Our largest test, Sedan, in 
alluvium was very Interesting. Along Route 17, | think there is 

no alluvium, 


With regard to the properties of the radioactive cloud, ! think this 
is the same thing. We are still scallng from what experience we 
have. We certainly need, as | mentioned, experience in various 
environments in order to get a better handle on this. 


From Danny T. Carrara: 


Over what period of time would the 30 miles of nuclear excavation 
take place in Model No. 25 if this model is adopted? 


ANSWER: 


This would depend on the final design. Whatever system is arrived 
at. It would seem to me, based on our preliminary estimates, that 
this could be conducted perhaps over a period of 18 months, perhaps 
two years. Certainly, the data we have indicate that nuclear safety 
would not prevent us from doing this, but there are other operational 
problems that may. For example, with Route 25 we're talking about 

a total construction time for the entire canal on the order of !5 
years and the nuclear excavation part of this is relatively small. 
The same is true of Route !7, except it is a much shorter route and 
will take a much shorter time. 
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PLANNING REQUIRED IN THE DEVELOPMENT OF 
RADIATION PROTECTION GUIDANCE FOR 
UNDERGROUND ENGINEERING APPLICATIONS 


Robert H. Neill 
U. S. Public Health Service 
Rockviile, Maryland 


ABSTRACT 


The potential vartety of engineering appltcattons 
from the peaceful uses of underground nuclear explosives 
indicates an increased need for applicable radiation pro- 
teetton guidance to protect the public health of poten- 
tially exposed populations. 


To insure the orderly development of such uses, 
additional operational data as well as biveffects data 
will be required to develop appropriate criteria and 
guidance to inform health offictals and the public of 
the significance of possible exposures. The required 
planning includes an evaluation of the potential bene- 
fits and risks as well as the size and age of popula- 
tion, multiplictty of sources, Likely and unlikely 
future uses, and the total environmental impact 


INTRODUCTION 


This paper is addressed to planning in the development of radi~ 
ation protection guidance for fission products and neutron induced 
activities incorporated into consumer products resulting from fully 
contained Plowshare projects. The subject of guidance relating 
to excavation projects and of applicabfe guidance in the protection 
of public health in the immediate post-shot period are both being 
covered elséwhere in this symposium. 


Safety of consumer products is of direct interest to the 
Department of Health, Education, and Welfare; particularly to the 
new Consumer Protection and Environmental Health Service of which the 
Environmental Control Administration is a component. 


lf the world in which we live had no financial {imitations and 
we were able to work in a totally orderly way, | could present a logi- 
cal sequence of questions to which we could address ourselves; and as 
we answered each question, we could then proceed to the next perhaps 
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as follows: 


{. What are the actual radionuclides and actual concen- 
trations that will be in each of the consumer products 
obtained from P\owshare? 


2. What are the amounts of consumer products that will 
be used by the public? 


3. What would be the resultant whole body and other organ 
doses obtained by different populations? 


4. Then having satisfied ourselves of the actual! quanti- 
tative exposures, we could then tackle and answer the 
question, “What are the fong-term effects of this low- 
leve} exposure?" Assuming that we could quantitate 
this risk to everyone's satisfaction, we could then 
proceed to obtaining a consensus on the levels of 
risk which would be acceptable to all concerned. 


Unfortunatety, as we all know, definitive conclusive, absolute 
answers to these questions cannot be answered to everyone's satis- 
faction. 


But in order to facilitate the constructive use of Plowshare 
applications for the betterment of society, we must demonstrate what 
these potential risks of radiation exposure are so they can then be 
weighed against the anticipated benefits. And this belongs in the 
public forum. 


Congressman Craig Hosmer of the Joint Committee on Atomic Energy 
emphasized the importance and need to set clear, firm guidance in this 
area, and he reiterated’most strongly the need to help protect the 
nublic health by insuring sate consumer products. 


Now then, who sets the standards? By law, the Federal Radiation 
Council has specific responsibilities in providing a first level of 
guidance to federal agencies. The AEC has been assigned the responsi- 
bility of conducting the Plowshare program for the purpose of investi- 
gating and developing peaceful uses tor nuclear explosives. While 
the AEC controls the execution of a Plowshare project, the acceptability 
of any resulting products involves the mutual responsibility of both 
the Public Health Service and the involved state health departments 
as well as the general public and the scientific community. (n short, 
the community represented here today has a mutual responsibility and 
partnership in assessing the heaith significance of Plowshare projects. 
Obtaining the required evidence of theoretical calculations and empir- 
ically observed data is of greater importance than the identity of the 
particular organization that may have the last word in setting the 
allowable exposure level. 
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OISCUSS1ON 


In August !959 the President assigned the primary responsibility 
for the collection, collation, analysis, and interpretation of data on 
environmental! radiation to the Department of Health, Education, and 
Welfare. The intent was to separate the responsibility of evaluating 
the radioactive health hazards from the responsibility of encouraging 
the use and development of radiation. As part of the discharge of 
this responsibility, the Bureau of Radiological Health has systemat- 
ically gathered the data on levels of observed contamination of radio- 
activity in the environment from our surveillance networks, other 
federal agencies, state health departments, the AEC-sponsored national 
laboratories and others. They have all been published each month in 
Radiological Health Data and Reports, with interpretive analysis when 
possible and without interpretation if time did not permit. In this 
manner the results have been available tor interpretation by the 
scientific community as well as the general public. The importance 
of publishing the data in the public forum to permit independent 
evaluations cannot be overly stressed. 


Perhaps the most important element of any planning is the necd 
to educate the public to the facts. |! think we can safely anticipate 
concern and fear (whether real or imagined) from certain sectors of the 
public and | think the most vital ingredient in our planning is imagin- 
ation--imagination to anticipate the questions which will be raised. 
We must be able to present the data and the interpretation of the 
data and have it available for others to interpret. 


The PHS is pleased to sponsor this symposium since it provides an 
ideal mechanism to bring together all of the diverse interests involved 
in the public health aspects of Plowshare, including the Federal Radia- 
tion Council, the AEC, other federal agencies, state health department 
officials, representatives of industry, AEC laboratories and many 
others. And in bringing us together, it provides a mechanism to pre- 
sent the different points of view depending upon one's primary interest 
in Plowshare. 


As a representative of the PHS, | would like to comment on the 
philosophy of “unnecessary radiation exposure." If we consider a dose- 
effect relationship from ionizing radiation, we can observe effects in 
a population at very large doses. Increases in the dose can produce an 
increase in the incidence of an observed effect. The order of magnitude 
of such doses required to produce such effects invoives levels of expo- 
sure of 50 rem or several hundred rem depending on the particular study 
being referenced. The levels that we are concerned with here are of 
the order of a few times natural background which is 0.1 rem per year. 
The question arises as to how one can extrapolate the observed data 
back by a factor of 500 or 1,000 which is the region of public health 
interest. What is the shape of the curve? While the evidence of the 
Russels at Oak Ridge suggests the presence of a threshold in mice, we 
can iil afford to make such an assumption. So we extrapolate linearly 
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without using @ threshold. 


If one assumes that the incidence of an observed effect is 
attributable to natural background radiation, values of 10-5 for the 
probability of observing an effect in a population could be noted. 
Two extreme positions that have been taken from this are as follows: 
Multiplying the probability of (07° times the U. S. population of 
2 x 108 would produce 2,000 effects. Hence producing a man-made 
increment in dose equal to natural background would result in 2,000 
effects in the U. S. population. This is a patently absurd mathe- 
matical extrapolation. 


The second extreme position that has been espoused is to say 
that the probability of an effect in an individual of 107> is so small 
as to constitute a negligible risk to an individual and can be for- 
gotten, This extreme position is equally absurd. 


The correct conclusion to be drawn here is to avoid unnecessary 
radiation exposure, and ! think we all recognize the shared responsi 
bility or partnership in endeavoring to reduce al! unnecessary radia- 
tion exposure in our ptanning. 


Recently one witness at the Joint Committee on Atomic Energy 
hearings on effects of radon daughter products in uranium miners 
suggested that we should await the epidemiological evidence of 
observed effects in the miner population before establishing a lower 
level) of permissible exposure. This approach is untenable to me. 


Congressman Hosmer stated and stressed the importance of develop- 
ing standards for radioactivity in consumer products to insure proper 
protection of the public. 


The radiation protection quidance must establish not only annual 
doses but must also address itself to the rate of accumulation of 
dose. For example, while the cumulative thyroidal doses to children 
trom jodine-13) in fresh milk during the decade beginning in 1957 are 
observed to be far less than the cumulative radiation protection guides, 
the rate of exposure in 1957 of | rem/year exposed those born in those 
years at a rate of 10 times natural background. 


FACTORS IN THE DEVELOPMENT OF RADIATION PROTECTION GUIDANCE 


Perhaps one of the most succinct statements regarding the develop- 
ment of effective standards for the protection of man's health was made 
by the Surgeon General of the Public Heaith Service, Dr. William H. 
Stewart, at the hearings held by the Senate Commerce Committee in 
August 1967. He stated the fol lowing: 


“|, The standards should be truly relevant to man's 
health. We must assure that such a standard is 
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"2. 


n3) 


"4, 


addressed to the prevention or control of a health 
hazard in man's environment. 


The standard must be realistic and attainable. A 
health protection standard must be attainable within 
the state of the art and at a financial cost which 
is not truly prohibitive. Otherwise, the standard 
would become in fact a flat prohibition rather than 
a charter for prudent continuation of a desirable 
activity under conditions not injurious to human heal 
health. 


Adherence to the standard should be measurable with 
reasonable precision and reliability. Those respon- 
sible for enforcing the standard must be able to 
ascertain when a violation has taken place; and the 
great majority of manufacturers who will wish in 
good conscience to comply with the standard must be 
able to ascertain that they are indeed doing so. 


The standard shoutd be aggressive in terms of pro~ 
tecting the public health. Uncertainties as to the 
degree of control necessary should, in general, be 
resolved in that direction which will afford the 
greatest protection to the public.” 


Other necessary factors include: 


Better understanding of the links in the chain of 
radioactive exposure to man of the general environ- 
ment, man's immediate environment, intake, body 
burden, dose rate, dose and effects. 


Monitoring and surveillance networks to demonstrate 
the presence or absence of radioactivity by observed 
measurements in the above-mentioned chain for both 
alerting and assessment purposes. 


Better identification of the population-at-risk from 
a particular application considering age, sex, dietary 
habits, physiological habits and other parameters. 


Designing and testing mathematica! models based on the 
data being obtained. 


Anticipating the diverse multiplicity of sources to 
be encountered, 


Establishing guidance that is clear and readily inter- 
pretable by industry, health officials and the public. 


668 


The challenge exists to use Plowshare applications to help solve 
other public health problems. lonizing radiation is being used to meet 
and help solve the problems encountered in other areas of public health 
such as waste disposal, water pollution and air pollution, and we have 
a challenge to use Plowshare applications equatly as well. 


And lastty, | hope that we would plan on using the planning. 
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QUESTIONS FOR ROBERT NEILL 


From James Leonard: 


In reference to the benefit-risk concept as applied to problems of 
radionuclides in the environment, do you see any role for public 
opinion surveys in determining acceptable activity !evels? For 
example, should the public be asked such questions as these: 

Would you favor use of nuclear explosives to reduce the cost of 


natural gas delivered to your home by "x" cents per million BTU's 
If such use Increased the probability of some form of radiation- 
initlated health effect (say an Increase in still births by "y" 


Incidences per 100,000 population)? 
ANSWER: 


No, | dont' think questions such as these should be releqated to 

a@ public opinion poll, nor that one should decide these things by 
personal opinion. | think, however, that the mechanism, for 
example this Symposium which we are holding here today, in bringing 
together under one roof the various interests, certainly the legis- 
lative interests in the presence of Congressman Hosmer of the Joint 
Committee indicating his concern and interest in the area of public 
health aspects of Plowshare applications, as positive evidence of 
this fact. 


From James Leonard: 


Would you favor use of nuclear explosives to reduce the cost of 
natural gas delivered to your home by "x" cents per million BTU's 
\f such use increased the probability of some form of radiation- 
{Initiated health effect? 


ANSWER: 


This is rephrasing this general question that | said that it would 
be so nice to have a final, conclusive, definitive, absolute answer 
to solve to everyone's satisfaction as to what constitutes the long- 
term effects and what is an acceptable risk. | think, though, that 
we all have a shared responsibility in assessing this and |, for 


one, would not be in a position today to try to describe the specific 


amount in which | would be involved here. 
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PLOWSHARE TECHNOLOGY 


Chairman: Mr. William M. Trenholme 
Arizona Atomic Energy Commission 
Phoenix 
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INDUSTRY POTENTIAL OF LARGE SCALE USES FOR 
PEACEFUL NUCLEAR EXPLOSIVES 


Paul L. Russel |* 
Bureau of Mines 
Denver, Colorado 


ABSTRACT 


The tndustrial potential for peaceful uses of nuclear 
explostons is entering a critical stage of development. 
Should Project Gasbuggy, an experiment to determine to 
what extent an underground nuclear exploston can stimu- 
late the production of natural gas from low-permeability 
formations, prove a technical or economic success, a 
great step forward will have been made. Should other exper- 
tments now being considered in natural gas, oil shale, 
copper, coal, water resources, underground storage, and 
others, also demonstrate technical or economie advantage, 
tt ts conceivable to expect peaceful nuclear explosions to 
grow from our current rate of one or two experimental shots 
per year to hundreds of production explosions per year. 
This growth rate could be severely restricted or reduced to 
zero tf public safety and environmental control cannot be 


exercised. 


SUMMARY 


The use of nuclear explosives has been proposed for a wide 
range of peaceful applications. Such use will be made only if 
nuclear explosives show economic advantages over conventional 
explosives. To date we have no demonstrated economic commercial 
application. Until the experimental research program shows that 
economic use is feasible and practical, nuclear explosives will be 
used for research, and the total number of experiments per year 

“will be small. 


This paper reviews the principal proposed peaceful applications 


for nuclear explosives and discusses each proposed use briefly. An 
estimate of future requirements for nuclear explosives is made. 


* Research Director, Denver Mining Research Center, U. S. Bureau of 
Mines, Denver, Colorado. 
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INTRODUCT !0N 


As early as 1945 the possibility of using nuclear explosives 
for peaceful purposes was a subject for speculation. By June, 1957, 
the Plowshare Program was formally established by the Atomic Energy 
Commission (AEC) for the purpose of developing and demonstrating 
such peaceful applications. Since the first underground experiment 
in the fall of 1957, the AEC has conducted weli over 200 underground 
nuclear explosives as wel! as a smali number of surface cratering 
tests. 


Although the majority of these nuclear tests were defense 
oriented, they, and a few Plowshare shots, have all contributed data 
useful in the development of peaceful apptications. Tests have been 
conducted in eight rock types--tuff, salt, basalt, dolomite, granite, 
rhyolite, alluvium, and sandstone~-providing a wide variety of data 
on many aspects of rock fracture and breakage, ground shock, and 
radioactivity. This information was used in planning the apparently 
successful Gasbuggy experiment in sandstone, and is the basis for 
planning other Plowshare projects. 


This paper will list and briefly discuss most of the proposed 
peaceful applications for nuclear explosives. {t wit! also consider 
the apparent numerical requirements of future use and consider timing 
of such needs. Technotogy of nuclear explosive use will be covered 


very briefly, since this alone is a major subject. 


NUCLEAR EXPLOS1 VES 


Nuclear explosives are unique. They release vastly larger 
quantities of energy per volume and at a rate a thousand times more 
rapid than the fastest chemical explosive. Nuclear devices are 
compact, being packaged in a case 7 to 14 feet tong and 20 or less 
inches in diameter, with energy yields ranging from less than } 
kiloton (kt) to hundreds of kilotons. The small package size permits 
a nuclear explosive to be placed more easily and at bes cost than 
chemica] explosives with an equal energy yield. 


Nuclear explosives may be ot the fission or fusion type, and 
in either case can be constructed to produce within about 20 percent 
of any desired yield. This permits design of projects with satisfactory 
safety factors, and fairly reliable prediction of radiation, rock 
breakage, and seismic motion. 


All proposed peaceful uses for nuclear explosives that will be 
discussed in this paper are based upon either "crater" or "chimney" 
formation. Both of these features have been well covered by other 
speakers here. For our purpose we will consider a crater a hole in 
the ground surrounded by a raised tip, or rim. We will consider a 
chimney a cylinder or column filled with fragmented rock and completely 
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contained within the earth. Figure | shows the sequence of formation of 
a nuclear explosive-created chimney, and as shown, radial fracturing 
accompanies cavity formation. This radial fracturing is an important 
feature for many proposed Plowshare uses. Figure 2 shows the generally 
accepted profiles for nuclear crater formation based on depth of 
explosive burial. 


GENERAL PLOWSHARE APPLICATIONS 


Plowshare applications, as proposed, tatl into two general 
classes, (1) contained explosions, and (2) cratering explosions. 
Under the contained classification we might list the following possible 
uses: (a) O11 and natural gas stimulation; (b) in situ copper (and 
other mineral) leaching; (c) in situ shale oi! production; (d) under- 
ground storage facilities for gas, water, waste, and other materials; 
(e) development of water resources; (f) and other uses. Under the 
cratering classification we would have a general heading "Excavation," 
which would include the following: (a) Canal excavation; (bo) harbor 
formation; (c) ore stripping; (d) highway and railroad cuts; (e) 
production of aggregate for dam construction; (f) construction of 
stide-dams; and (g) other. 


In general, the use of nuclear explosives for the contained 
type explosion has received more consideration recently than the 
cratering type explosion because, in the farmer case, radiation 
problems are at a minimum and do not come into conflict with current 
treaties. Let us examine in more detail some of the contained type 
uses. 


Application to Natural Gas Stimulation 


One promising use for an underground nuclear expiosion is aimed 
at stimulating the production of natural gas from low-permeabi tity 
formations. Currentty one experiment is underway, and two others are 
being planned for the very near future. 


Gasbuggy is the Project tor an experiment jointly sponsored by 
the U. S. Government and the EI Paso Natural Gas Company. A 26-kt 
explosive was fired on December 10, 1967, at a depth of 4,200 feet 
in the Pictured Cliffs gas reservoir near Farmington, New Mexico. This 
was the first experiment in the use of a nuclear exp!osive to stimu~ 
tate gas production. Because this explosion was contained there was 
no venting of gas or radioactivity. 


Evaluation of this experiment is well along, and preliminary 
results appear quite promising. 


Dragon Trail is the Project name for a proposed experiment to be 


conducted about |7 miles southwest of Rangely, Colorado, using a 40-kt 
explosive in the Mancos B formation, at a depth of 2,700 feet. Because 


673 


a 


500 MiCROSECONDS 


3 MICROSECONDS 


CONFIGURATION 


1.~A Typical Sequence Of Events When A Nuclear 


4& FEW SECONDS 
TO A FEW HOURS 


Explosion is Detonated Underground. 
674 


FIGURE 


A. SURFACE BURIAL 8 SHALLOW BURIAL 


~™ i 


FALL BACK 
RUPTURE ZONE 
— 

PLASTIC 


Cc. OPTIMUM BURIAL OD, DEEP BURIAL 


FIGURE 2—Typical Crater Profiles Versus Depth Of Burst For Alluvium. 
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the Mancos B is a uniform gas reservoir, the results of this experiment 
should be of considerable aid in the evaluation of other reservoirs. 


Project Rulison, another gas reservoir experiment is proposed for 
a site in western Colorado, about 13 miles southwest of the town of 
Rifle. Here a thick interbedded sand and shale formation is estimated 
to contain over 100 billion cubic feet of natural gas per section. 


The ideal results at Rulison would be to produce a chimney 
1,600 to 1,700 feet in height to cut the major gas-bearing strata. The 
initial experiment probably will not produce a chimney of this height, 
but future experiments would attempt to achieve such a configuration. 


If nuclear explosive stimulation is successful, the Rulison field 
will be highly productive, and a major portion of the gas in place can 
be produced. More than 100 individual shots of 200 kt each may be 
needed to fully develop the 60,000-acre holdings of Austral Oi | 
Company. Research will determine whether seismic effects will permit 
200-kt production shots. 


Pinedale and Wasp are gas-stimulation projects being considered 
for western Wyoming. For Pinedale, initial studies are underway and 
actua! testing may hinge on the results of Gasbuggy and Rutison, but 
no planned date for this project has been set. The study of Wasp is 
in its very early stages and the execution date, if any, is very 
uncertain. 


Application to In Situ Copper Leaching 


Leaching is the process of dissolving metal values from an ore, 
removing the resulting solution from the undissolved materials and 
extracting the valuable constituents from the solution. Leaching of 
copper ores was used as-early as 2500 B. C., and has become an important 
method of producing tne lower grade of ores today. Roughly !2 percent 
of domestic production was derived from this method !ast year. 


In situ leaching of ore broken by nuclear expiosions has been 
studied for some time and is considered to present a high potential 
for use in marginal and submarginal deposits. 


Project Sloop is a proposed joing Government-Kennecott Corpor- 
ation in situ copper leaching experiment, near Safford, Arizona. If 
successful it would, (1!) eliminate the necessity of mining and hand{ing 
hugh quantities of material, (2) increase the nation's available 
domestic copper supply by allowing the economic development of copper 
ore deposits now beyond the scope of current mining techniques and 
costs, and (3) permit large-scale mining operations with a minimum 
disturbance to the landscape. 


Project Sloop presents a high potential for development of economic 
uses for nuclear explosives, and at the present rate of progress might be 
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conducted in {2 to (8 months. Commercial devetopment might require 
detonation of 30 to 50 explosives of 50-kt each if seismic effects 
permit. 


Application to In Situ Shale Oi! Production 


That a nuclear underground explosion, under given conditions, wil! 
produce a chimney of broken rock has been demonstrated in tuff, granite, 
alluvium, and dolomite. This feature is the basis of a proposed in situ 
recovery experiment for shale oi! production from the vast oi! shale 
deposits of Colorado. 


Project Bronco experiment proposed for the Piceance Basin of 
Colorado would use a 40- to 50-kt explosive to create a chimney of broken 
shale some 250 or more feet in height. This chimney would then be used 
as a retort vessel to recover oil by heating the shale in place. 

The retorted shale oi! would be pumped to the surface, and additional 
treatment would follow for producing gasoline, diesel oil, and other 
petroleum products. 


There has been a great deal of interest in Project Bronco by a 
group of companies, but the execution of this project seems months in 
the future. No firm estimate of potential requirements has been made, 
but if all were to go well, 100 to 300 explosives of over 50-kt might 
be used. 


Apptication for Underground Storage Space 


The concept of using nuclear explosions to produce underground 
storage space is based upon the chimney formation technique. The open 
spaces or voids in the broken rock and of the chimney would be used to 
store gas, oil, water, or waste products. 


Project Ketch is an experiment proposed by the Co!tumbia Gas 
Corporation for the underground storage of natural gas in Pennsylvania, 
In the planning stage, it involves the detonation of a 24-kt explosive 
3,300 feet below the surface in a thick impermeable shale formation. 

It has been estimated that some 450 million standard cubic feet of gas 
at 2,100 psi might be stored in the nuclear-produced chimney. 


This and similar storage applications appear quite attractive 
under certain conditions and in certain sections of the United States. 
I+ is estimated that between 5 and 25 nuclear shots of this type might 
occur in the next 10 to [5 years. Yields would vary, but are estimated 
at about 50-kt each. 


Application to Water Resources 


Nuclear explosives may prove effective in the very complex 
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problem of water management. The U. S. Geological! Survey (6)* states: 
"Nuctear detonation would be no more than an alternative to conventional 
engineering means for managing water. Regardless of the means, nuclear 
or conventional, effectiveness of a management scheme may be limited 

by a hydrologic feature remote from the principal management works 
(detonation site). Tnus, capability and acceptability of the scheme 
can be judged only when the whole hydrologic system is known intimately 
and rather widely.” 


jt is further stated: "Effects of nuclear detonations under- 
ground are relatively large in dimension and exceedingly coarse in 
"finish'." Such dimension and finish must be in scale with thickness 
of strata and other dimensions of the natura! environment. Precise 
fitting of detonation effects to minute dimensions of the environment 
is impossible. Principal side effects of detonations--air blast (if any), 
ground motion, and both prompt and residual radiations--must be of 
acceptable intensity lest nuclear detonation be socially or politically 
impracticable! 


Project Aquarius is a joint U. S. Government-State of Arizona 
study of nuclear explosives for water management. The project has 
not reached the scheduling stage. : 


Use of nuclear explosives for water management is indefinite, but 
it would appear that from | to 5 experiments may be performed during the 
next 5 to 10 years. Further use is dependent on success of these 
experiments. 


Application to Excavation 


Of the many potential applications of nuclear explosives, exca- 
vation is perhaps the most obvious. Some broad uses proposed are 
mining, removal of overburden, quarrying, recharge of aquifers and 
waste disposal, storage of fluids, harbor excavation, canal excavation, 
flood control, highway and railroad cuts, and slide dams. 


Several of these proposals have received serious consideration 
and study; others are in a very preliminary planning and consideration 
stage. | will very briefly review those that have attracted the most 
attention. 


Canal Excavation 
Much engineering effort has been directed toward determining the 
feasibility of constructing canals by nuclear cratering. The concept 


has been demonstrated on a small scale and appears feasible. The 
future uses for excavation of a trans~isthmus canal is being studied 


*Underlined number in parentheses refer to items in the bibliography 
at the end of this report. 
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and involves a great number of factors, including the current Test 
Gan Treaty, radiation, air blast, and seismic shock. A decision is 
not apt to be reached in the immediate future, but research continues 
and results look very promising. 


Highway and Railroad Cuts 


This type of excavation which para!lels canal excavation 
research was the subject of a joint study by the Sante Fe Railroad and 
the California Highway Department. The principle of apptication appears 
feasible and needs only the proper site and economic condition for 
possible use, 


Harbor Excavation 


Here again the principles involved are basically the same as for 
canal or surface cut excavation. Harbor excavation (Project Chariot) 
was studied for Alaska and is currently of high interest in Australia. 
A test excavation might be made in a year or two, but future use 
appears very limited. 


Overburden Removal 


Overburden covering an ore deposit might be removed by either 
single or multiple cratering blasts. This use has been studied and, 
as expected, such use is rather limited in the rather densely populated 
United States but may be more favorable in some less densely populated 
foreign areas. 


Recharge of Aquifers and Waste Disposal 


Either a crater or chimney would be excavated by nuclear explosives 
in a favorable geologic formation to which surface water or waste could 
be channeled for storage. This is a potential use that needs more study. 


Flood Control and Storage of Fluids 


For this use either a thowout crater or subsidence crater produced 
by nuclear explosives might be used to catch flood water or store 
tiquids. This potential usage does not appear economic and its early 
use is doubtful. 


Quarrying and/or Slide Dams 


For this application a nuclear explosive would be used to break 
large quantities of rock. If the rock were confined to a canyon or 
stream bed it might create a useful dam. Both uses have been considered 
for dam construction. 


Atl of the above proposed uses are somewhat limited at present 
by the Test Ban Treaty. For those not famitiar with this Treaty, it 


basically states that all radiation produced from testing must be kept 
within the boundaries of the country conducting the fest. iGecause 
nuclear explosions of the excavation type produce radiation as well as 
air blast and seismic shock, areas for use appear somewhat Limited. 
With this in mind, it is not expected that a rapid qrowth of nuclear 
explosive excavation will take place. Unless a sea-level canal is 
cut, total excavation type blasts shouid number [ess than 10 during 
the next five years. 


PROBLEMS IN USE OF NUCLEAR EXPLOSIVES 


There are a number of hazards that must be considered where 
nuclear explosives are planned. Because the purpose of this symposium 
is to explore many of these in detail, | will mention only the major 
hazards--radiation, air blast, and ground shock--which we might |ook 
at in a little more detail. 


Ground Shock 


In many cases the most serious problem encountered in the use of 
nuclear explosives may be the seismic wave. A large part of the energy 
of both contained and cratering explosions is carried off by the shock 
wave, which travels outward from the explosion point, losing energy by 
heating, crushing, and deforming the rock. Eventually the shock 
pressures fall below the elastic limit of the medium and become an 
elastic wave. As this elastic wave spreads concentrically, its ampli- 
tude decreases rapidly with distance. When the wave reaches structures 
or other habitation, it may cause cracking of plaster or other damage 
if the particle velocity is high enough. Since buildings and other 
structures themselves are elastic, they may respond to the seismic 
wave as free oscillators and amplify or reject the motion of the 
ground. In general, the larger the explosion, the further away we 
may expect buildings and other damage to occur. 


Radiation 


Seeing that radiation in its numerous forms and effects are 
major items of this symposium, | would be foolish to do more than 
touch upon the subject. 


There are two sources of radioactivity from an underground 
nuclear explosion. One is the direct products of the nuclear reactions 
(fission products and tritium). The second is the radionuclides induced 
in the surrounding media by the neutrons that are expiosion byproducts. 
Where the explosion is contained, little if any of the radioactivity 
escapes to the atmosphere. In the case of cratering explosions, con- 
siderable radioactivity may be vented. in either case, a great deat is 
known about all asoects of the radiation problem, and continued research 
is producing cleaner nuclear explosions. Thus, the future for Plowshare 
looks promising. 
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Air Blast 


Air blast may be a serious problem in some cratering shots. The 
hot gasses vented at extreme pressure may cause a high velocity blast 
wave. As this blast wave traverses structures, “he resulting differ- 
ence in air pressure, acting on the separate surfaces, produces forces 
that can cause structural damage. In addition to static pressures, 
there are dynamic pressures resulting from the air movement accom- 
Ppanying the passage of the blast wave. 


As the blast wave travels away from its source, the over-pressure 
at the front steadily decreases and the pressure behind the front falls 
off in a regular manner. As this progresses, structures or persons in 
the vicinity experience first an over-pressure and then an under- 
pressure. Obviously, the safety criteria used for a particular project 
will depend on the area involved. 


ECONOMICS OF NUCLEAR EXPLOSIVE USE 


Although there may be a few cases in which costs are not important, 
these will be rare indeed. There are several basic major cost items 
involved in the use of nuclear explosives: Device and emplacement 
costs; fielding costs, including safety; and hole-size and device 
requirements. More emphasis on the economics of individual projects 
will have to be developed as conmercial uses for nuclear explosives 
expand. 


TIME SCHEDULE OF FUTURE USE 


Nuclear explosives will be used commercially only if they show 
economic advantages over conventional explosives. To date we have no 
such demonstrated application, which means that nuclear explosions will 
be of a research nature with immediate use limited to probably less 
than 5 per year. This rate of use should continue for from 2 to 5 
years. Within 5 years, it is estimated that research and testing in 
natural gas stimulation and copper leaching will indicate economic 
feasibility. If such is the case, the use of nuclear explosives may 
expand to 10 to 30 per year. This rate should grow during the coming 
years (especially in gas stimulation) to possibly 100 or more explosions 
per year. Growth in other areas is dependent on successful test pro- 
grams that are expected to develop rather slowly. There is the poten- 
tial for a few "one-shot" type uses developing within the next 10 years, 
which may include harbors and canals and overburden removal and water 
management. 


It is expected that commercial use of cratering-type explosions 
will grow very slowly and under strict limitations. Non-cratering or 
contained explosions offer the earliest and potentially the largest 
field for future nuclear explosive application. 
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CONCLUS 1 ON 


| have very briefly listed and discussed those nuclear explosive 
research projects now being conducted or planned for future consider- 
ation. I have attempted to evaluate these to some extent and to 
estimate the growth of nuclear exp!osive use for the next few years. 
This projection of future use is only my own estimate; | am sure some 
feel that the growth will be much more rapid, while others will feel | 
am overly optimistic. Only time will permit an evaluation of our 
opinions. However, | again state that | feel future use depends on 
demonstration of economic feasibility. Growth itn use will be rather 
slow and, to some extent, will be based on development of capabi |- 
ities to field such use. 
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ON NUCLEAR DETONATIONS FOR PEACEFUL PURPOSES* 
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ABSTRACT 


The long-term equilibrium levels of tritium, 
krypton-85 and carbon-14 which are acceptable in 
the environment have been estimated on the follow- 
ing premises: 1) the three isotopes reach the 
environment and equilibrate throughout it in periods 
shorter than their half lives, 2) nuclear detona- 
tions and nuclear power conatitute the dominant 
sources of these tsotopes, 3) the doses from these 
three tsotopes add to one another and to the doses 
from other radtoactive isotopes released to the 
environment, and 4) the United States, by virtue 
of tts population, ts entitled to 6% of the world's 
capacity to accept radioactive wastes. 


These premises lead to the conclusion that 
U.S. nuclear detonations are Limited by carbon-14 
to 60 megatons per year. The corresponding Limit 
for U.S. nuclear power appears to be set by 
krypton-85 at 100,000 electrical megawatts, 
although data for carbon-14 production by nuclear 
power are not available. 


It ts noted that if the equilibration assumed 
in these estimates does not occur, the limits will 
tn general be lower than those given above. 


INTRODUCTION 


This paper presents the results of some calculations of 
three radioactive isotopes produced and, in present practice, 
released to the environment by nuclear explosions and by the 
production of nuclear power. The three isotopes are tritium 
(hydrogen-3), krypton-85 and carbon-14. These, among the 


*The work reported here was performed under the auspices of 
the U.S. Atomic Energy Commission while the author was a 
summer visitor at the Lawrence Radiation Laboratory, Liver- 
more, California. 
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long-lived radioactive isotopes produced in nuclear fission 
and fusion, are the most likely to disperse throughout the 
environment. There are few physical, chemical, or biological 
mechanisms which tend to concentrate these isotopes within 
any phase of the environment. 


THE PREMISES 


The first step is the calculation of the steady state 
concentration limit for each of the three radioisotopes. 
The calculations are founded on three assumptions. 


1. All of each of the three radioisotopes is released 
to the environment in a time shorter than its radioactive 
half life. 


2% Each of these isotopes equilibrates with the cor~ 
responding stable isotope, which is available in the environ- 
ment, in a time shorter than half life. 


3. The quantities of stable isotopes in the environ~ 
ment available to dilute the corresponding radioactive 
isotopes are those given in the last column of Table 1. 


It is to be noted in Table 1 that the hydrogen in the 
water of ice and sediments has been taken to be unavailable 
for dilution and that only one-tenth of the hydrogen in the 
water of the oceans is presumed to be available for dilution. 
Only the hydrogen in land organisms and one-tenth of that in 
sea organisms has been taken to be available for dilution. 
The carbon in undecayed organic matter and in coal, oil, tar 
and gas has been neglected, and only one-tenth of that in 
the oceans and in sea organisms has been taken as available 
for dilution. 


RADIOLOGICAL CONSIDERATIONS 


The maximum dose considered permissible for a person 
other than a radiation worker is 0.5 rem per year (2). 
Table 2 gives the specific activities (uCi per gram of stable 
isotope) which will produce 0.5 rem per year by several 
routes of exposure: 1) breathing, or in the case of krypton-85, 
standing in an atmosphere at the maximum permissible concen- 
tration, 2) drinking water at the maximum permissible con- 
centration, 3) eating food that will produce the maximum 
permissible daily intake, and 4) having the maximum pvermis- 
sible body burden in one's body. Table 2 indicates that the 
limiting specific activities for tritium and carbon-14 are 
those in the body itself, while that for krypton-85 is set 
by air. 
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Table 1. The quantities of hydrogen, krypton and carbon 
available in the world for dilution. 


Assumed to be 
available for 


Hydrogen in: Total (1) dilution 
Oceans 1.6x107%¢ 1.6x1077g 
Lakes and rivers 5.5x10'%, 5.5x101%¢g 
Ice 2.4x1071g - 
Atmosphere 1.4x10)%& 1.4x101%g 
Sediments 2.2x10?%g ze OY 
Organic material 4.0x10!8s, 7.0x101 §g 

Total 1.6x1077g¢ 

Krypton 

Volume of the atmosphere 4.3x10?*ce - 

(at 0°C, 760 mm) 

G of krypton per ce of air 4.3x10° °%g/ce - 
Krypton in the atmosphere 1.8x10'%g 1.8x10! eg 

Carbon in: 

Troposphere 5.5x10!7g 5.5x10!7g 
Oceans 40x10! %g 4.0x107 8g 
Lakes and rivers 3.2x10'7¢ 3.2x10!7¢ 
Land organisms 1.0x10!’g 1.0x10'7g 
Sea organisms 8.0x10'®g 8.0x10!5¢ 
Undecayed organic matter 3.9x10!%¢g _ 
Coal, oil, tar, gas 74x10! 8g = 
Total 5.0x10!%¢g 
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Table 2. 


rates. 


Radioactive half life 
Max. perm. body burden (3) 
MPC* in public air (2) 
MPC* in drinking water (2) 


Max. daily intake in water (2) 


Specific activity** limit set by: 


6. Breathing 

7. Drinking water 

8. Eating food 

9. Max. perm. body burden 

10. Limiting specific activity 

11. World capacity at the 
limiting specific activity 

12. Annual replacement rate 

Notes 


Units 
years 
uci 
uCi/ee 
pCi/ee 


uci/day 


uCi/g 
uci/g 
uCi/g 
uci/g 


yuCi/g 


Ci: 


Ci/year 


Bases for the calculation of annual replacement 


H-3 Kr-85 c-14 
12.3 10.4 5,600 
100 - 30 
2x10°7 3xl0°? 1x107’ 
3x10°3 - 8x10" 

7 : 2% 
0.6 70. Ts 
0.3 = ake 
0.2 - 0.005 
0.01 - 0.002 
0.01 70 0.002 
2xlo'* aixlo'? 1x10! 
1x10??) 7x10'® ixio® 


*MPC stands for maximum permissible concentration. 


**Specific activities are in uCi per gram of stable element. 
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Row 10 of Table 2 gives the limiting specific activity 
for each of the three radioisotopes, i.e. the specific activity 
of each isotope which will deliver an average radiation dose 
of 0.5 rem per year to every person in the world. These spe- 
cific activities, with the corresponding stable isotopes avail- 
able for dilution given in Table 1, permit one to calculate 
the world capacity for each radioisotope; these world capaci- 
ties are given in row ll of Table 2. 


Each of the three radioisotopes decays with a character- 
istic radioactive half life. Thus there is for each isotope 
an annual replacement rate which will just maintain the world 
environment at the limiting specific activity. These annual 
replacement rates are given in row 12 of Table 2. 


The figures in the last three rows of Table 2 are not 
suitable limits for two reasons. First, these figures make 
no allowance for the differences between the calculated pre- 
dictions for an average individual in the population, and the 
actual exposure received by any particular individual. The 
Federal Radiation Council (4) and the U.S. Atomic Energy Com- 
mission (2) have both stipulated a factor of 1/3 for this pur- 
pose. 


The second reason why the world capacity figures in 
Table 2 are not suitable limits is that they make no allowance 
for the summing of the doses from the three radioisotopes, 
from all other man-made radioisotopes in the environment, or 
from other man-made sources of radiation. The intent is that 
"persons in the general population at any age... should not 
receive an exposure exceeding 0.5 rem per year in addition 
to natural background and medical exposures."(5). In order 
to allow for the summing of doses from various radioisotopes 
and other sources of radiation a factor of 1/10 is appropriate. 


ALLOCATION 


In considering the long pull, one must face the matter 
of allocation: to how much of the world's capacity is each 
geographical unit entitled? To what portion of this share 
is each nuclear undertaking entitled? 


The United States constitutes about 7% of the world's 
surface and in 1966 had about 6% of the world's population (6). 
On the other hand the United States is at present using about 
30% of the world's energy (7). If the principle of one man, 
one vote is extended to one man, one polluter, the United 
States' allocation is about 6% of the world's capacity to 
accept radioactive wastes. 
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Nuclear explosives (fission and fusion) and nuclear power 
(fission) are today the dominant sources of the three radio- 
isotopes considered in this paper. Whether an equal share of 
the available capacity is to be allotted to each of these under- 
takings, or whether more of the capacity goes to one than the 
other is a matter to be decided on the relative importance of 
explosions and power. As an illustration, but surely not as 
a recommendation, the following calculations have been made 
by allocating a half of the U.S. capacity to nuclear explosions, 
a half to nuclear power. 


Table 3 summarizes the radiological and allocational con- 
siderations, and indicates that about 1/1000 of the replacement 
rates in the last row of Table 2 is appropriate for U.S. nuclear 
explosions, and an equal amount for U.S. nuclear power. 


PRODUCTION OF THE THREE RADIOISOTOPES 


The production of the three isotopes under consideration 
by nuclear explosions is a function of several factors: a) the 
fission to fusion ratio, b) the atomic composition of the 
explosive device and its associated equipment, c) the compo- 
sition of any neutron shield that is used, and d) the compo- 
sition of the soil in which the explosive is detonated. These 
factors may be manipulated for engineering purposes, and are, 
further, veiled by security classification. The estimates for 
the production of the three isotopes by nuclear explosives 
have been based on the declassified information in the upper 
portion of Table 4. 


The corresponding production figures for tritium and 
krypton-85 are given in the lower portion of Table 4. Note 
that no figures for the production of carbon-14 by nuclear 
power appear in Table 4. Such production certainly occurs 
by neutron capture in nitrogen whenever air and neutrons get 
together, but no estimates of production rates appear to have 
been made. 


Tritium may be produced in nuclear reactors by neutron 
capture in hydrogen-2 and in lithium-6. It has been estimated 
that the amounts of tritium produced by these reactions in 
power reactors may perhaps equal the tritium produced by fis- 
sion (13). As a consequence, the tritium production figure in 
Table 4 should be increased from 14 to perhaps 30 Ci per elec- 
trical megawatt-year. 
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Table 3. Summary of considerations. 


Radiological 


Individual variation from the average 


Summing of doses from various isotopes 


Allocation 
United States' share of world capacity 
Share allotted to nuclear explosions 
(an equal share is allotted to nuclear 


power) 


combined factor 
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Factor 


1/3 
1/10 


0.06 
1/2 


0.001 


Table 4. 


Nuclear explosives 


fission to fusion ratio (8) 
10 kt of fission (9) 
krypton-85 fission yield (10) 


krypton-85 production 


tritium production (8,9) 


carbon-14 production(8) 


Nuclear power 


electrical to thermal ratio 

1 Mwle) for 1 year (11) 
krypton-85 fission yield (10) 
krypton-85 production 
tritium fission yield (12) 


tritium production 
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Production rates of the three radioisotopes. 


10 kt fission for 1 Mt fusion 
1.46x10?" fissions 
2.93x10 ? per fission 


290 Ci per 10 kt fission, 
i.e. per 1 Mt fusion 


1x10’ Ci per Mt fusion 


15 Ci per Mt fusion 


1 Mw(e) for 3 Mw(t) 
9.86x107? fissions 
2.93x10°? per fission 

480 Ci per Mw(e) in 1 year 
9.5x10°° per fission 


14 Ci per Mwle) in 1 year 


LIMITS ON NUCLEAR EXPLOSIVES AND NUCLEAR POWER 


In Table 5 the production figures developed in Table 4 
for tritium, krypton-85 and carbon-14 have been used to deter- 
mine the limits imposed on nuclear explosives and nuclear 
power by 1/1000 of the world replacement rates, given in 
Table 2. It is evident from Table 5 that the limit on U.S. 
nuclear explosions is set by carbon-14 at about 70 megatons 
per year and that U.S. nuclear power is limited by krypton-85 
to about 150,000 electrical megawatts. 


DISCUSSION 


Under the idealized conditions used in these calculations, 
390% of the final equilibrium specific activities will be 
reached in about three half-lives, say 35 years for tritium 
and krypton-85, and 20,000 years for carbon-14. It is possible 
to release more than the equilibrium rates in some years, but 
such averages must be compensated by releasing less than the 
equilibrium rates in other years. This is analogous to buying 
on credit and does not violate the Atomic Energy Commission 
requirement that exposures may be averaged over periods no 
longer than one year (2), provided the limiting specific 
activities are not exceeded. 


The premise that the three isotopes are released to the 
environment in periods shorter than their half-lives should 
be questioned. If it can be shown, or if it can be arranged 
that 90% of the limiting isotope can be restrained from enter- 
ing the environment for three or more half-lives, the limiting 
rates in Table 5 may be increased by a factor of ten. 


The premise that the three radioisotopes equilibrate 
throughout the environment in periods shorter than their half- 
lives is tenuous. However, to the extent that equilibrium 
is not established, specific activities will be higher in some 
locations than would be the case in complete equilibrium. If 
the portions of the environment that are at higher than equi- 
librium specific activities lie on human food pathways, then 
limits lower than those in Table 5 must be used. 


The factors used to allow for individual variations from 
the average, for the summing of doses, and for rationing may 
be considered as conservative safety factors. Safety and 
conservatism receive great, perhaps undue emphasis in radia- 
tion. However, in considerations of the environment, it is 
wise to set aside certain portions to lie fallow for future 
and unforeseen needs. 
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Table 5. Limits on nuclear explosions and nuclear power 
for the United States. 


H-3 Kr-85 c-14 

World annual replacement rate, 

Ci/year (from Table 2, 

row 12) 1x10*3 7x101° 1x10® 
The United States' share for 

nuclear explosives, or 

power, Ci/year (see 

Table 3) 1x10'° 7x10’ 1x10? 
Limit imposed on nuclear ex- 

plosives, Mt/year 1,000 240,000 67 
Limit imposed on nuclear power, 

Mw(e) 7x10° 150,000 - 
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The concept of balancing risks against benefits has been 
worked very hard, perhaps to exhaustion, in radiation protec- 
tion. In the present context this concept leads to two ques- 
tions of singular subtlety: risks to whom? benefits to whom? 


CONCLUSIONS 


The deliberations presented here lead to the conclusions 
that on the long view U.S. nuclear detonations are limited by 
carbon-14 to an average rate of 70 megatons per year, and that 
the corresponding limit for U.S. nuclear power appears to be 
set by krypton-8§ at 150,000 electrical megawatts. These 
limits can be raised if means are devised to prevent the escape 
of the limiting radioisotopes to the environment. 
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QUESTIONS FOR HOYT WHIPPLE 


From Alex Grendon: 


Did you take into account the annual production of carbon-14 and 
tritium by cosmic radiation? Do you know If these amounts are 
significant in relation to potential production by man's activities? 


ANSWER: 


| do not have the figures with me, but the natural production rates 
of these two isotopes, as ! recall, are small, very small fractions 
of the rates that | have been speaking about here and | think if you 
do a little simple arithmetic, you'll help me gain confidence in this 
statement, which is based on a poor memory, which said that the par- 
ticular release rate which is one thousandth of the release rate that 
would ultimately lead to 0.5 rem per year would lead to 0.5 of a 
millirem per year from the United States alone. There may be some- 
one in the room who remembers the breakdown well enough, but as | 
recall, carbon-!4 and tritium from natural causes constitute a very 
small part of the natural background exposure. 
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ROLE OF INOUSTRY IN THE ENVIRONMENTAL HEALTH AND SAFETY ASPECTS 
OF THE DEVELOPING PLOWSHARE INDUSTRY 
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University of Arizona 


ABSTRACT 


It is first pointed out that no person or organiza- 
tion has a more vital interest in the early establishment 
of an effective health and safety program within which 
commercial operations based on Plowshare technology can 
be carried on with assurance than does that facet of in- 
dustry which is directly involved in the attempt to prove 
out these Plowshare applications. The formulation of 
such a code mst be a matter of the highest priority to 
all concerned, 


To accomplish this task successfully, however, re- 
quires the exercise of a truly hard-nosed objectivity 
both on the part of the Governmental agencies who bear 
statutory responstbility for ensuring the public health 
and safety and also on that of the industrial groups who 
are trying to realize the significant economic potentials 
inherent in the Plowshare technology. while it is abun- 
dantly clear that achievement of a somd and reliable 
public health and safety code is imperative for both 
regulatory agencies and operating industry, it must also 
be recognized that both groups serve the inescapable ad- 
dittonal responetbility of acting as the public's trustees 
to assure the healthy development of a new technology which 
may well prove to be of vital importance to the Nation. 
The basie nature of the joint operating procedure required 
in order to provide an effective way of fulfilling these 
gommon obligations is then examined. 


The discussion then turns to the present stage of 
the developmental progress of the potential Plowshare in- 
dustry. Scientific breakthrough has long since been ac- 
complished and scientific feasibility has been quite 
generally proven. For a nunber of important possible ap- 
plteations even technological feasibility has been estab- 
lished. In these cases the denonstration of economic feasi- 
bility and the attainment of public acceptance are the two 
factors that still remain to be achieved before a full-fledged 
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if still infant industry becomes a reality. Industry alone 
ts capable of determining economic feasibility. It ts also 
upon industry that the primary responsibility for gaining 
publie acceptance will fall and with all other factors 

"go" it will be this latter factor, the public's willing- 
ness not only to tolerate but actually to "buy," that will 
determine whether there is to be a business or not. 


Whether or not any proposed commerctal application 
will prove to be economically feasible and whether or not 
publie aeceptance can be achieved will depend critically 
on the nature of the essential health and safety activities 
required and on the associated costs of these activities. 
For industry to proceed with effectiveness, three immediate 
measures are particularly needed. 


First, a tentative, "best-as-of-the-moment" health 
and safety code covering operational procedures and end 
product specifications should be formulated to serve as a 
test set of rules for immediate field use and as a con- 
erete, "point-of-departure” statement in the development 
of the eventual regulatory code. The upcoming technolo- 
gical feasibility tests in the Plowshare program should 
then be used to evaluate its commercial applicability and 
to guide ite evolution toward regulatory status. Here joint 
aetion is obviously imperative. 


Neat, tf the foregoing is to be meaningful, the re- 
search and development aspects of these upcoming tests with 
respect to health and safety, important as they are, must 
be scrupulously separated, at least costwise, from the 
necessary health and safety operational activities as speci- 
fied in the provisional code. Wo matter how cogent, con- 
siderations of budgetary expedience must not be permitted 
to intervene either within the Governmental agencies or 
within the participating industrial organizations. Honest, 
"unloaded" operating costs are an absolute must if the tests 
themselves are to be meaningful. 


Finally, itt must be recognized that time is one of 
the most signtficant factors in determining the suecess or 
failure of any industrial endeavor. The present case te no 
exception. The time factor must be kept continually in mind, 
for delay ean spell defeat for a commercial activity just 
as surely as can technological failure. Whenever a contem- 
plated course of action will impose delay, it te vitally 
important that the anticipated advantages be wetghed metie- 
ulously against the possible detriments lest the hope of 
small gains inadvertently lead to the achievement of total 
ruin. Here again the truly judicial sort of appraisal 
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required can be realized only to the extent that open com- 
moteation and joint evaluation procedures can be estab- 
lished. 


Suocess in implementing the required joint operations 
with due regard to individual reaponetbilities is antict- 
apted, 


RA RAR ARR RAR KR RRR KR KR RAR ARR RAR KH 


Mr. Chairman, Fellow Panelists, Colleagues. {| am particularly 
happy to have the privilege of belng a member of this panel discus- 
sion and thls on two distinctly different counts. In the first place, 
having not only officiated at the birth of the nuclear energy health, 
safety, and bio-medica! research programs but also having nursed 
them around the clock for their first twenty years, attending this 
sympostum is very much like coming back to a family reunion to see 
how the children and grandchildren are doing. 


In the second place, | fee! highly complimented by my industrial 
colleagues to be asked by them to present this discussion of the nature 
of Industrial responsibilities in the area of environmental health and 
safety. My positton as university professor and ex-National Laboratory 
director speaking in behalf of Industry is not quite as anomalous as 
it might appear at first sight since | have served on the Board of 
Directors of the Atomic Industrial Forum for the past seven years. 

Thus what | have to say reflects this latter experience fully as much 
as it does the former. 


Before proceeding to my discussion of industry's role in environ- 
mental health and safety, | would like to make one point emphatically 
clear. Nowhere during my long career in the nuciear field have | found 
a more deep-seated respect for a fully effective health and safety pro- 


gram than | observe everywhere within the nuclear industry. | realize 
that in these days It probably verges on the immoral to suggest that 
any segment of industry is indeed actively safety conscious. | am con- 


vinced, nonetheless, that no individua! or group is more keenly and 
more completely concerned with achieving a totally safe operation than 
is the nuclear industry. A major segment of this industry's top manage- 
ment has come up through the nuclear faboratories and nuclear energy 
production facilities where traditionally an acute consciousness of 

the need to monitor every conceivable source of potential trouble and 
to do so ceaselessly is bred into the very marrow of their bones. No 
one is more aware than they that the one nuclear accident that we can 
never tolerate is the first. True, although all of us are vitally 
concerned with the overat! nuclear health and safety program, each of 
us must perforce operate within quite different areas of responsibility 
and thus may differ amongst ourselves concerning the most suitable ways 
of achieving the goal of a totally safe operation. With respect to the 
nature of the goal, however, and to the necessity for attaining it, 
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there exist no differences at al} - we all share a common conviction. 
Indeed from the industrial point of view, unless that goal can be ef- 
fectively achieved, there can be no significant nuclear Industry. It 
is for this reason that that facet of industry which Is directly in- 
volved in attempts to prove out the Industrial feasibl lity of econom- 
ically promising Plowshare applications is vitally concerned with the 
early establishment of an effective health and safety code within 
which commerclal operations based on Plowshare technology can be 
carried on with asSurance. Such a code is In a real sense the tegal 
skeleton upon which the operating musculature of sound safety practice 
can be fixed. Such a code will not spring full formed from the waves. 
it must evolve, but it can do so only if some primeval form exists 
trom which a logical evolution can follow. The formulation of this 
elemental safety structure must be our first order of business and a 
matter of the highest priority to all concerned. 


Now it is quite clear that the statutory responsibility for 
generating this essential tentative code, for developing it through 
its evolutionary stages to full regulatory status and for Its enforce- 
ment when established, must lie with the government agencies. With 
the very considerable body of data already available both in the fields 
of blast phenomena and of radiation effects, one might question why the 
tirst steps toward such a code have not already been taken. The answer 
to that to produce even a wholly tentative and purposely elemental code 
is not so simple as it might appear. Permit me to illustrate with an 
example from our national nuclear history. 


| had the privilege of living right at the center of the first 
case of the development of nuclear safety requirements. That was in 
connection with the design of the X-10 nuclear reactor at what is now 
Oak Ridge National Laboratory, with that of the Hanford production 
reactors at Richland, Washington, and with the design of the chemical 
Processing facilities at both locations. The need for radiation safety 
guidance was first propounded in emphatic fashion by the physicists 
at the Metallurgical Lab as early as March or early April 1942 and 
was seconded by the chemists shortly thereafter. Prior to that, in 
early February 1942, a medical examination program, with radiation ef- 
fects constituting a principal objective, had already been established 
at the Laboratory. Following this, a radiation monitoring organi za- 
tion was set up during February and March, and an instrument division 
was organized to design and produce the necessary monitoring devices. 
When the full impact of the radiation problems Inherent in nuclear 
reactors was recognized, a Health Division was established in April 
which included the existing medical examination and radiation monitoring 
activities and which also initiated intensive medical and biological 
research programs in radiation effects on living systems and in the 
toxicology of the radioactive and other esoteric materials with which 
we were dealing. 


The first order of business of this Health Division was to come 
up with a statement on reactor shielding requirements since the X-10 
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reactor was already in the design stage. It was fortunate that the 
reactor physicists, the reactor engineers, and the bio-medical personnel 
had to live together. With only the sketchiest of data available and 
with their own early experiments indicating that those prior data were 
in some instances suspect, the bio-medica! staff did the normal, to-be- 
expected thing. They fooked at the data and decided on what that raw 
data would indicate a safe "permissible level” to be. Then on the 

basis of the general state of experimental statistics in biological 
investigations, they introduced a safety factor of ten. Since the data 
in this case were at least partially suspect, they tossed in a tentative 
additional factor of ten. Finally, since no accident could be tolerated, 
not only on the basis of the value of the human lives that might be 
directly involved but also because an accident could breach the military 
secrecy and thus endanger the entire National security, they decided 

to really play it safe and put in another factor of ten or so. Here 

was where juxtaposition of personne! paid off, for when the bio-med 
personnel announced their permissive dose specification, the physicists 
and in particular the engineers nearly exploded. There were comments 
that the proposed exposure level was far lower than the level of cosmic 
rays to which man is exposed during his lifetime. This blast didn't 
seem to shake the life scientists too much. However, when they saw the 
engineers! figures on what their proposed level was going to mean in the 
thickness of the shielding that would be required to achieve an attenu- 
ation of the reactor radiation down to their stipulated level, they were 
shaken. It was a sort of "fiti-al!-space-with-concrete-leaving-a-smal |- 
hole-in-the-middle-for-the-reactor" deaf. At this polnt, the hard-nosed 
give-and-take of arguing out a fully safe but practicably achievable 
reactor shielding design got under way, and in due course a suitable 
design was achieved. True, the bio-medical staff did retreat from their 
original extreme position, but they did so without compromising the real 
safety of the reactor. What they did do was to trim some of the "super- 
super" factors they had put in. These had been introduced not because of 
requirements implied in the available data or even the known uncertainties 
in the data, but because of that very basic human reaction that, if safe 
is safe, doubly safe must per se be better - a sort of inverse "over- 
kill" phi fosophy. 


Now | suspect that | have overstated somewhat the exact values of 
the safety factors that were actually involved in this case, but | have 
not overstated the case itself in the slightest in terms of the opera- 
tional philosophy it portrays. The project never could have met its 
schedujes had it not been for the intimate, hard-nosed gi ve-and-take 
between the reactor designers who, to the best of our belief at the 
time, held the Nation's military survival in their hands, and the bio-~ 
medical personnel who we held responsible for. the health and safety 
both of the future reactor operators and of the civilian population 
who could conceivably suffer serious damage by faulty design. The out- 
come of that dialogue was that each group, under the spur of the other, 
exercised a degree of critical evaluation of their own scientific and 
technological positions that it would have been essentially impossible 
to have achieved otherwise. They arrived at the solution both demanded - 
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full safety - and they arrived at that solution while keeping within the 
bounds of technological and economic feasibility. 


The situation we face today, in its basic managerial aspects, is 
strikingly similar. The compulsory physical juxtaposition of the dif- 
ferent concerned groups within a single organizational structure ig ab- 
sent, and the dramatic, driving sense of urgency obviously does not ob- 
tain. Otherwise, the two situations have much in common. For example, 
there can be no question but that both the government agencies and the 
Plowshare industries involved share the firm conviction that a fully 
safe operation is imperative; the agencies are under statutory require- 
ment to ensure it, and the industry cannot endure without it. | would 
also say that while the present state of scientific and technological 
data within the nuclear business is enormously improved over that 
existing in 1942, nonetheless the data in the Piowshare field are suf- 
ficiently inadequate to tempt anyone devising a safety code to adopt 
the "doubly safe" philosophy until strongly persuaded by circumstance 
to do otherwise. Finally, it is also true that here as well as in the 
historical instance, the bio-medical fraternity which must necessarily 
constitute the core of the governmental agencies involved are not only 
explicitly charged by statute with responsibility for essentially 
guaranteeing the public health and safety, but implicitly, by the very 
existence of the statute under which they operate, they are also made 
joint trustees of the public interest in the attainment of the benefits 
which successful exploitation of the field might yield. Had it been 
otherwise, the statute would simply have prohibited the potential ap- 
plications a much simpler solution than strangling the cat with the hot 
butter of a body of prohibitive health and safety regulations. It seems 
to me that we face much the same situation we did twenty-seven years ago, 
and | believe that the same basic motivations exist on the part of the 
regulators and the regulated. Today both groups require a fully safe 
operation and, even though their reasons for so doing may be quite dif- 
ferent, this in no way alters the identity of their joint purpose. 
Again both are concerned with the achievement of a technological and 
industrial goal, one that could prove to be of vital import to the nation 
as a whole. The significantly augmented national reserves of proven 
recoverable natural resources available to our economy without recourse 
to transport outside the protection of our geographic boundaries which 
could result from a successful Plowshare enterprise and the impact of 
this altered domestic situation on our international relationships and 
Policies provides one case in point. The present Plowshare stakes may 
lack the urgent crisis character of the wartime case but, if evaluated 
for the long run, they could eventually prove to be of equally vast 
National significance. 


In one area, however, the differences are marked. In a regulatory 
society any scientific and technological cohabitation between regulators 
and the regulated may indeed be deemed far more immoral than are certain 
more generally practised varieties of the act. Be that as it may and 
as difficult as it obviously may prove to be to achieve, we must find 
a means of generating a true government agency - Plowshare industry 
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dialogue - if we are to be successful in the enterprise on which we 
are alf engaged. Alf the government agencies involved must know and 


really understand the ful! industrial implications of the measures 
they propose. On the other hand, industry must know how safe is 
safe. In their eyes it could turn out not to be sate enough. Industry 


must also know precisely upon what safety depends, on an across-the- 
board basis, and fully understand in what way, because only thus can 
regulation be trans!ated into rational operating procedure. The im- 
mediate and urgent problem is that of establishing such an effective 
dialogue. In my view this meeting constitutes a useful first step. 
More meetings with perhaps a quite different “meeting format" might 
be the next step. But whatever the answer, it will have to be sought 
actively by al! concerned; passivity can only spell frustration and 
disastrous delay if not indeed total defeat for our time. 


But having made these comments, what bearing do they have on the 
question at hand? What is the nature of the industrial involvement 
and of its responsibilities, direct and indirect, as far as the environ- 
mental health and safety aspects of its proposed commercial Plowshare 
activities are concerned? Acturally the answers depend on the way in 
which one projects his views of these operations into the future. The 
major Plowshare operations themselves might become a government monopo- 
tized business with industry simply hiring the government to do a job 
for them. {f this were to be the case, however, a Plowshare industry 
of the magnitude one can readily foresee, should the envisioned activi- 
ties prove to be commercially feasible, would put the government among 
the top elite of Fortune's Five Hundred. Unless the Commission's 
statutory mandate to use its powers to strengthen competitive private 
enterprise were revoked, | find it difficult to imagine such a develop- 
ment as even remotely probable. However, it is an admittedly possible 
outcome and, should it occur, industry's direct role in health and safety 
matters would be essentially nonexistent as far as the direct Plowshare 
Phases of a project were concerned. Industry would still be directly 
concerned with the health and safety aspects of product processing and 
control, but onty with respect to the problems involved in the commercial 
distribution of those products. It would also be vitally, if indirectty, 
concerned with the costs of the government's health and safety activi- 
ties in its Plowshare operations, since these costs could wel! determine 
the total feasibility of any project. Important as these concerns may 
be, they require at most no more than modest direct industrial involve- 
ment. 


If, however, the operating role of the government in Plowshare 
enterprises should eventually be Jimited strictly to the actual emplace- 
ment and detonation of the nuclear explosive (which operation, |ike its 
health and safety monitoring activities, must remain a statutory 
monopoly of the Commission for any foreseeable future) while preparation 
of the site in readiness for the emplacement and detonation becomes the 
responsibility of the concerned industry, then industry's responsibilities 
with respect to environmental health and safety assume a very different 
guise. They are no longer matters of indirect concern; they now lie at 
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the very core of the considerations which determine the feasibility of 

a@ project in the first instance and, if feasibility seems assured, they 
play a dominant role in the operations that follow. Since | am personal ly 
convinced that a viable industry based on Plowshare technology can be 
established in the near future only if industry plays this sort of major 
Management role, | will assume that this is the case in the discussion 
that follows. | must emphasize, therefore, that what | have to say 

has validity only to the extent that my assumption itself proves to be 
valid, 


Even with this fullest possible management responsibj sity, how- 
ever, there can stit! be extensive argument as to industry's precise 
function in health and safety activities. This is true both with respect 
to the establishment of the criteria of safety and the mechanisms for 
assuring that the criteria are enforced and with respect to the actual 
Operations carried out under established regulations. Let us look 
first at industry's place, if any, in the development of a regulatory 
code. 


It is easy to argue that, in this activity, industry has no responsi - 
bility and hence no role whatsoever. The Public Health Service holds 
under Congressional mandate the country-wide responsibility to ensure 
the protection of the national health. The Atomic Energy Commission is 
charged by Congressional statute with the ultimate responsibility of 
ensuring the public health and safety in those specific instances in 
which these might be affected by nuclear activities. None of these 
concerned organizations can abdicate these responsibilities either in 
whole or in part. Moreover, any governmental agency with regulatory 
responsibilities must emulate Caesar's wife. Not only must it make 
certain that other possible interests can in no way influence its regu~ 
latory judgments, it must assure that not even an appearance of such a 
possibility could exist. Thus, for industry even to suggest any direct 
initiative role in the development of the regulatory code under which 
its operations must be‘carried out would obviously be totally untenable. 
Clearly, those who would argue that industry should have no part, how- 
ever remote, in this procedure have a persuasive case, 


However, as | pointed out earlier, the trusteeship for insuring 
health and safety is inextricably enmeshed with the trusteeship for 
realizing Plowshare benefits, and industry bears a very direct responsi - 
bility with respect to the latter. Industry clearly faces a very real 
dilemma. if it takes the easy path and washes its hands of any part 
whatsoever in the development of the regulatory code, it avoids all 
possible hint of collusion - and a lot of hard work - but it may, by 
the same token, consign its incipient enterprise to an infant's grave. 
On the other hand, even to gesture toward the other extreme of playing 
a direct role in the development of the regulatory code would in my 
estimation not onty be both inappropriate and inadvisable but would 
also constitute an act of self-immolation on a truly pyrotechnic 
potitical pyre. 
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But there is a defensible middle ground, and it is this that both 
industry and government must seek, difficult as that search may be. As 
to what constitutes safety and proper protection of health, the public 
itself, through the medium of its governmental structure, must say. No 
matter how knowledgeable industry may be in health and safety matters, 
its position is inescapably one that bears the appearance of bias if not 
of bias itself, and even the appearance of bias vitiates its opinions 
and judgments except insofar as they lend weight to the government 
findings by their concurrence. Where industry can properly contribute 
(and where its responsibility to the public under its Plowshare benefits 
trusteeship would dictate that it must) is in making it quite objectively 
clear just what are the associated costs to the economy of the proposed 


regulatory measures. It has been my experience that by and large in 
Situations of this kind no one is more interested In this sort of demon- 
strably objective information than is the regulatory body itself. It 


has no desire to do its work with its overall vision blurred by a fog 

of uncertain or totally unavailable data from the economic areas of con- 
cern. It welcomes all the trustworthy information it can obtain on the 
true impact of its operations upon the activities it affects. Certainly 
the Atomic Energy Commission has a keen realization of its "secondary 
trusteeship" role, and | believe this is true of most other regulatory 
bodies. While | occasionally fume at what sometimes seem to be need- 
lessly involved and ponderous regulatory procedures, | have never 
doubted the sincerity of the Commission's interest in attaining the 

full benefits which are latent within the fields of nuclear science 

and technology and which can be realized within its mandate to ensure 
the public health and safety. And | must confess that after numerous 
direct challenges by the Commission | have yet to suggest any very ef- 
fective methods for simplifying its regulatory operations. 


| am convinced that cooperation between Government and industry 
in establishing an effective regulatory operation is as much needed 
today as it was among the scientists and engineers in setting the 
safety standards twenty-seven years ago. |! believe that the will to 
cooperate also exists provided a suitable framework for such coopera- 
tion could be established. While the mechanism of the official publi- 
cation of a proposed regulation, of submitted comment, of official 
hearing, of rework, and of republication, etc., etc., etc., eventually 
Produces a result of sorts, the cumbrousness of the method almost 
guarantees that the progeny so engendered will display appreciably 
less than genius rating. | will return to this later with a positive 
Suggestion that | hope may prove to be of some value. 


Let us now turn from the area of code generation to that of 
field operations which | have assumed will eventually be carried on 
largely by industry under such a code. 


Here again, under present operating condictions, "participating 
industry" has essentially no role in the direct Plowshare phase of the 
project's field operations other than to take part in the planning and 
to pay a share of the bills; a share, | might add, that seems to be 
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growing asymptotically toward "full cost" with perhaps improvident 
speed. Under present law a Plowshare project is of necessity a govern- 
ment enterprise in which industry may participate. Such an industry, 
however, must exercise its participation by serving in effect as a 
contractor to the Commission. 


Let me break in here with an essential aside. To keep my com- 
ments on contracts in proper focus, 1 should warn you that after the 
War, General Nichols told me that it took the Manhattan District 
lawyers eighteen months to straighten out the contracts | had arranged 
during the first six months while the project was under OSRD auspices. 
I've learned a little about contracts since, but !'m still no legal 
expert. However, I've had a lot of experience in observing how these 
things actually work out, which may or may not be of the way they are 
supposed to do tegaliy, and it is from this observational standpoint 
that $ speak. 


Now back to the argument. As things now stand, the Plowshare 
Operator is the government, and the liabilities of its subcontractors, 
including its “participating industry" partners, are covered by the 
government. The government assumes full responsibility for al! as- 
pects of the necessary health and safety meaSures, and industry has in 
essence no responsibility except to obey explicit instructions. Here 
no code need to promulgated, for the regulator is also the only pos~ 
sible operator. Should an accident occur under present circumstances, 
the industrial contractors, including the industrial participants, 
would, | suspect, actually be numbered among the injured parties rather 
than among those liable and might thus escape both the direct financial 
{iabilities and the indirect public relations liabilities which would 
otherwise be entailed. This being Las Vegas, | would bet a modest sum 
on the operating contractors escaping public damnation essentially un- 
scathed, but | wouldn't risk a plugged nickel that the participating 
industries would receive that same public treatment. The former were 
just doing a job for the government and under the government's direct 
supervision, but the latter were the instigators of the affair who 
pushed the government into undertaking the task. 


tf there is to be any private industry based on Plowshare tech- 
nology, we must clearly shift to the position | postulated at the start 
of my presentation, and then the above situation becomes markedly more 
aggravated, for now the entire operation, except for the actual 
emplacement of the nuclear explosive and its detonation, becomes the 
direct responsibility of private industry. From a purely practical 
viewpoint, | am convinced that when this happens, regardless of lega 
technicalities, industry must face the fact that, at least as far as 
Public opinion is concerned, it will be presumed to carry the primary 
operating responsibilities and liabilities for al! phases of the 
enterprise including that of environmental health and safety. For 
example, the government has fired so many underground shots without 
incident that should any accident happen, it would be essentially 
impossible to convince the public that the cause was other than 
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negligent preparation of the site. 


Now important as these considerations are at this point, | am 


not primarily worried about the financial liabilities involved. | am 
sure that adequate insurance will be available when required, and ! 
have no doubt that as long as it is really needed, Price-Anderson 
coverage will continue to take care of any situation which might create 


financlal obligations beyond the |imits of the private insurance 
limits, But no Price-Anderson equivatant can be contrived that can 
"cover" the indirect, public relation liabilities which would be 
involved and which could prove to be fully as disastrous to industry 

as would the financial losses involved. It is this fact that convinces 
me that however legally sacred the Commission's specific mandate may be 
for Insuring the public health and safety in all Plowshare activ- 
ities, the brutal facts of the matter wil! prove to be that should 

the public health and safety suffer, it will be private industry 
principally, not the Commission, that will find its neck in the public's 
guillotine. It certainly behooves industry to make certain not only 
that any Plowshare enterprise it undertakes fully satisfies applicable 
governmental regulations but, even more, that it is indeed safe beyond 
any thinkable doubt according to its own analysis and experience. 


Now obviously, the first step in undertaking any planned Plowshare 
enterprise must be the acquisition of formal government authorization 
to proceed. This serves a three-fold purpose from industry's point of 
view. In the first place it protects qualified industry from the 
serious, industry-wide damage that would ensue should some incompetent, 
foolhardy operator undertake a project which ended in disaster. In 
the second place, "passing one's exams" is a well understood facet of 
our society and is accepted as proof of qualification. This definitely 
carrfes over into authorization proceedings, and achieving authoriza- 
tion does become a valuable tool in gaining public acceptance for a 
project. Finally, and perhaps most importantly, the regulatory code 
constitutes an invatuable check list for industry's own safety analysis 
and its associated program of health and safety investigations. Also, 
the authorization proceedings themselves, when successfully negotiated, 
provide an important endorsement to the project management that their 
safety homework has been wel! done and that it is highly unlikely that 
there are any hidden holes remaining in its arguments. 


Authorization constitutes a "necessary condition," but it is not 
necessarily a "sufficient condition" to assure total safety. As recent 
events in other technological areas have shown, government authorization 
provides no ironcitad guarantee of sate operation. Consequently, as 
long as independent sources exist from which cogent question and compe~ 
tent answer can be obtained, industry wil! be wise to avail itse!f of 
their counse! and advice as we!l. No source of help should be ignored, 
every unwet heel should be explored no matter how minor its effect on 
the safety as a whole might seem to be. After all, one such heel 
accounted for Achilles’ demise. 
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In the final analysis, however, industry must rely on Its own 
Internal competence In arriving at Its flnal determination that Its 
Proposed operations are fully safe. There are many modes by which 
industry can achieve such compatance ranging from major environmental 
health and safety divisions to compact, tightly knit but broadly 
competent evaluation groups. Whatever the mode chosen may be, however, 
its effectiveness |s determined by three factors. The first and 
foremost is the intellectual quallty and scholastic training of Its 
members. The second is the breadth, depth, and appropriateness of their 
practical experience - the factor that gives them an Instictive "feel 
of safety" as it were. The third factor is the degree of true commun- 
ication that exists between themselves and their top management. 
Obvlously the ideal situation is realized when one or more top exec- 
utive officers could personality quallfy for service within thelr own 
Nuclear safety unit. But, however Its Internal nuclear safety competence 
is achieved, industry must place its ultimate decislon-making rellance 
on that competence; and, until it has achieved such competence and has 
gained full confidence in it, It had better stay out of nuclear-based 
enterprises. 


Continuing public concern and occasional outcry concerning all 
things nuclear constitute a major hazard In reailzing the very real 
Industrial benefits that are Inherent In the nucdear field. This 
public concern has served one very useful purpose, however. Industry 
is no less a part of the public because it Is organized as industry. 
In its days of nuclear naivete, it responds to nuclear affairs precisely 
as does the lay public; that Is, with a deep-seated belief In the 
existence of unknown dangers and with serlous apprehension as far as 
any direct involvement in nuclear affairs Is concerned. The result 
has been that those Industrial concerns that have tentatively ventured 
into the nuclear business have either had sufficient acumen to bulld 
unquestionable competence in nuclear safety and to do so on an urgent 
and comprehensive basis or they have gotten completely out of the 
business in a hurry. ‘This has acted as an exceltent societal bandpass 
filter. It has automatically eliminated from nuclear activities the 
vast majority of our society's normal fringe of foolhardy operators. 
Furthermore, it has insured that the sound participants do so on a 
level of competence that they might feel unaessary In some less 
sophisticated field even though the actual hazards were essentially 
comparable. The result has been that the nuciear industry Is acutely 
safety conscious. It has built up exceptional internal competence in 
matters of nuclear safety, and in many instances it is already prepared 
to make its own operating decisions in those cases in which, in its 
opinion, its own "sufficiency" conditions establish tighter overal| 
limitations on its operations than the statutory "necessary" condi- 
tions demand. 


To summarize. The Government can advise on nuclear safety, It 


can and hopefully will establish a well-considered code of safety 
standards and regulations, and It can prevent the undertaking of any 
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nuclear enterprise that it believes will imperil the public health and 
safety. It can authorize a project it judges to be safe and monitor 
it for adherence to the approved designs and operating procedures. 

But there its authority stops as far as the direct initiation of any 
given commercial enterprise is concerned. Only the responsible 
industry itself can give final approval to proceed with the actual 
field operations, and thereby it assumes the ultimate responsibility 
for all phases of the project's affairs including the liabilities 
involved in its environmental health and safety aspects. Indeed it 
would almost appear from recent occurrences that what is actually 
developing is the very strange situation in which an industria! decision 
to proceed under a government authorization becomes interpreted, at 
least by the public, as constituting a corporate endorsement of the 
Scientific and technological validity of the government code and 
regulations under which the approval is granted. Regardiess of how 
this may eventually turn out, it certainly emphasizes the importance 
of establishing an internal nuclear safety competence that is inferior 
to none within government or without. 


Before turning to the final section of my discussion, | would like 
to interject a footnote on this matter of safety competence. One of 
the most serious hurdles that industry has faced and is still facing 
in the path of achieving fully effective nuclear safety judgments and 
consequent design and operating decisions in its Plowshare projects 
arises from the unavailability of essential pertinent data, which are 
presently held as classified information under AEC security rules. 
| have been assured by the Commissioners that this problem is recognized 
and that it is being placed in the hands of the Senior Responsible 
Reviewers. Once again the Senior Reviewers step into the communica- 
tions breach which security classification always generates. The 
machinery which this voluntary Review Board provides sometimes seems 
frustratingly slow, but whatever the cost in slowness, it is more than 
paid for in the total objectivity which it achieves. Its performance 
in the reactor field was outstanding, and | have every reason to believe 
it will be equally so in the present instance. 


Now where do we stand and what do we do next? 


As far as the Plowshare program in general is concerned, it has 
successfully emerged from the laboratory as far as scientific feasi- 
bility is concerned and is ready for technological test and, hopefully, 
for eventual full economic exploitation. At the moment we are actively 
engaged in pilot studies in a number of important applications to 
determine whether technological feasibility can be demonstrated. When 
this has been accomplished the demonstration of economic feasibility 
and the attainment of public acceptance will constitute the two factors 
that still remain to be achieved before a full fledged if still infant 
industry becomes a reality. Industry alone is capable of determining 
economic feasibility. Indeed industrial "personality" being as distinct 
a characteristic of an industrial organization as it is, what 
may be economically feasible for one industrial entity may not be so 
for another and vice versa. As a r2suilt, the determination of economic 
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feasibility of any given operation is only fully valid for the organi- 
Zation that carries out the pilot tests and from them makes its own 
determination of the feasibility of commercial operations. Genera! 


Paper studies of economic feasibility may furnish illuminating guide 
lines in determining whether a real test is worth the gamble or not 
and, if it seems worth while, in planning the test. in the ultimate 


result, however, generalized economic conclusions are likely to be of 
no more than strictly marginal usefulness in any specific case. 


!t is also upon industry that the primary responsibility for 
gaining public acceptance falls. With all other factors "go", it 
is this latter factor, the public's willingness not only to "tolerate" 
but actually to "buy" that determines whether there is to be a business 
or not. 


As the Plowshare program now stands we find oursetves in the 
midst of an active joint government/industry program that, hopefully, 
will result in the demonstration of the technological feasibility of a 
number of promising applications and also provide valid preliminary 
data on their economic promise. Once this has been accomp!ished 
successfully, however, it is industry that must take the fead in under- 
taking the essential next steps if the applications visualized are to 
become a part of our private enterprise system, for it alone can decide 
whether the probable commercial benefits to be gained justify the 
investment required and the economic risks involved. Whether at this 
point a given industrial unit will find a given project to be econom- 
ically feasible will depend in part, as noted above, on the peculiar 
capabilities of the interested organization itself and in part on the 
applicability to the specific test situation of the complex of 
technologies involved. With technological feasibility proven, there 
is no major factor in this complex which is of greater importance not 
only in determining the economic feasibility of the project but also 
in determining industry's ability to gain public acceptance than that 
concerned with the essential public health and safety activities 
required and the associated costs of these activities. Thus for the 
national Plowshare program to proceed with effectiveness and dispatch, 
it seems to me three immediate measures are particularly needed. 


First, in order to achieve any reaily lasting progress, a tenta- 
tive health and safety code covering design criteria, operational 
procedures, and end product specifications, should be set up in 
standard regulatory form to serve as a trial set of rules for immediate 
study and test use in the field operations involved in the up-coming 
experimental projects. The necessary information is available ina 
variety of forms and in a variety of places and is already being used 
by the AEC and its various contractors in insuring the environ- 
mental health and safety of all present nuclear detonations. What is 
needed immediately is not new data but an exercise in the formulation 
of the available data into an effective code of operating procedures 
and an analysis of its operating consequences. Such a tentative code 
would also serve as a concrete, "point-of-departure" statement in the 
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development of the eventua! regulatory code. The contemplated techno- 
logical feasibility tests in the Plowshare program would provide an 
excellent means by which to evaluate its commercial applicability and 
to guide its evolution toward regulatory status. Here joint action 

is imperative if the resulting code is to meet the criteria outlined 
earlier in this paper. However, under these circumstances joint action 
is possible without prejudice because in this situation industry's 
contribution can be confined to the presentation of a running analysis 
of the strengths and weaknesses of the trial code in actual day-by-day 
practice as it sees it. {in addition, the validity of its account can 
be weighed by concurrent government observation. The government 
agencies can then modify the rutes or not, as they see fit, in the 
light of clearly observable operational experience. I+ seems to me 
that such an operation would promote the maximum of critical observa- 
tion on the part of all concerned, would reduce any tendency on the 
part of anyone involved to resort to pressure tactics in order to 
substitute treasured belief for determinabie fact, and would provide 
the best possible opportunity to arrive at a regulatory code that 
would not only insure the environmental health and safety of the public 
but would also protect the public interest in the benefits that 
successful exploitation of the Plowshare technology seems capable of 
providing. 


Next, if the foregoing exercise is to be meaningful within the 
adjunct economic framework, the research and development aspects of 
these upcoming tests with respect to health and safety investigations, 
important as they most definitely are, must nonetheless be scrupulously 
separated, at least costwise, from the necessary health and safety 
operational activities as specified in the provisionai code. This | 
realize can be operationally difficult. Moreover, no one knows better 
than | how cogent the considerations of budgetary expedience are that 
argue tor burying these costs as unscrambieable shards in the total 
Neap of operational budgetary artifacts. tn this case, nevertheless, 
no matter how hard it may be to unscramb{ie the activities and however 
tough the resulting budgetary sledding may be, such budgetary integra- 
tion simply cannot be allowed either within the governmental agencies 
or within the participating industries. Honest, "unloaded" operating 
costs are an absolute must if the tests themselves are to be meaningful. 


Finally, throughout each such exercise it must be recognized by 
atl concerned that time is one of the most significant factors in 
determining the success or failure of any industrial endeavor. The 


present case is no exception. In the university or the research labor- 
atory, we can usually downgrade the importance of time and do so safely. 
This is neither a matter of sloth nor neglect of duty. It is just true 


that in the laboratory cautious conservatism and the desire for perfec- 
tion outweigh the need for speed. But this is not true of an industrial 
activity. The time factor must be kept continually in mind, for delay 
can spell defeat for a commercial activity just as surely as can direct 
technological failure. Whenever a contemplated course of action wil! 
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impose delay, it is vitally important that the anticipated advantages 

be weighed meticulously against the possible detriments lest the hope 

of small gains inadvertently tead to the achievement of total ruin. 

Here again the truly judicial sort of appraisal required can be realized 
only to the extent that open communication and joint evaluation proce- 
dures can be established. 


In conclusion, | would simply like to reiterate what | at least 
implied earlier. As far as the nation is concerned, a!{! of us connected 
one way or another with the Plowshare business are in the same boat. 

As is true with all industrial activities dealing with hazardous 
materials, the operations with which we are concerned do bear potentials 
for serious damage to the public health and safety if carried out 
blindly and without due regard for safe practice. Everyone involved 
will reap the whirlwind if any of us sows the wind with some act of 
thoughtlessness or negligence. We are all convinced that accidents 

are made, they do not "just happen," and that proper safety practice 


scrupulousty followed by all not only can but will insure that they 

will not occur. Each member of the team has his own role to play in 
this achievement, and everyone involved is mutually dependent on the 
others to attain the necessary total satety surveillance. It should 


be noted also that the cornerstone of safety practice is quality of 
performance not quantity of service. True safety can be smothered 
within the overlap arising from an unbridled proliferation of safety 
measures. | believe that we would all agree that a taut ship manned 
with a crew notable for its high personal abilities and its skilled 
teamwork rather than its astounding numbers, and equipped with every 
essential tool of the nuclear safety trade can maintain a total 
blockade on nuclear accidents and do so indefinitely. It is this 
that constitutes our mutual goal. 


In addition, if we plot our course in this way, we will also 
have taken the necessary steps to assure that our second objective, 
the realization of the benefits inherent in Plowshare technology, 
will be attained if they prove to be technologically feasible and 
economically attainable. If despite our best efforts commercial 
utilization eludes us at the present, we will at least have the 
satisfaction of knowing that our enterprise failed honestly at the 
hand of a sympathetic and fully educated reason and that it was not 
the inadvertent victim of a well-meaning but misguided emotion. 
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ABSTRACT 


Publie health aspects of nuclear explosions fall into 
two categories: (1) operational safety during the conduct 
of the explosion; and (2) the regulation of by-product 
material resulting from the explosion. By statute, the 
AEC has the responsibility for both assuring operattonal 
safety and regulating by-product material. 


Current AEC safety and regulatory practices are des- 
eribed; future problems or needs discussed: and relation- 
shtp to federal, state and local govermments outlined. 


aR RRR RR RR A RR RR A RRR KR RR 


It is with considerable trepidation that anyone presumes to 
speak on the future rote of a government agency in a hypothetical 
future. As | am sure you are well aware, there are many factors that 
bear on this subject, not the least of which are the prerogatives of 
the U. S. Congress and the President in matters of executive branch 
organization and reorganization. Thus, anyone has to speak on this 
subject with certain qualifications. 


| take some cheer, though, in the fact that one of the things 
carved in stone in Washington is: "What is past is prologue." With 
this in mind, | believe we can look at the present responsibility 
and authority of the Atomic Energy Commission (AEC) and their source 
in the Atomic Energy Act and draw some conclusions about the probable 
role of the AEC in the event that Plowshare technology finds large~ 
scale use. 


For purposes of simplification, |! would like it understood that 
| am speaking about the rote of the AEC solely in connection with the 
use of Plowshare technology in the U. S. However, in light of our 
obligations under Article V of the Non-Proliferation Treaty, it is 
clear that the AEC will also have a role in furnishing nuclear 
explosion services in other countries. 
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The basic mission of the AEC is found in the Atomic Energy Act 
of 1954, as amended, where the AEC is charged with promoting, "the 
development and utilization of atomic energy for peaceful purposes 
to the maximum extent consistent with the common defense and 
security and with the health and safety of the public." The Act 
further charges the AEC with establishing "by rule, regulation, or 
order, such standards and instructions to govern the possession and 
use of special nuclear material, source material and by-product 
material as the Commission may deem necessary or desirable to 
promote the common defense and security or to protect health or to 
minimize danger to life or property." 


It is also worth noting that the Atomic Energy Act stipulates 
that subject to the paramount objective of assuring the common defense 
and security, atomic energy should be directed "toward improving the 
public welfare, increasing the standard of living, strengthening free 
competition in private enterprise, and promoting world peace." 
Strengthening free competition in private enterprise has provided a 
keynote that the AEC has faithfully followed in developing al! the 
peaceful uses for atomic energy, including Plowshare. Basically, 
this provision has been taken to mean that in devetoping any partic- 
ular use for atomic energy that the AEC role should be to continue 
its development only until it can demonstrate the practicality of a 
particular use. Once that has been done, the AEC has tried to 
confine its role to the minimum necessary to meet its health and 
safety or other responsibilities and to leave exploitation of the 
developed technology to industry or other entities which have such 
roles in our society. 


To implement the Act, a Commission is established, composed of 
five Commissioners appointed by the President, one of whom the 
President designates as Chairman. The Commission is, of course, the 
policy making body of the AEC. The agency the Commission heads is 
then divided basicatly into two distinct and deliberately separate 
areas, one under a General Manager and one under a Director oft 
Regulation. For purposes of understanding AEC roles, this distinction 
is very important. 


Under the General Manager are the operational and promotional 
functions of the agency. These functions include research and devel- 
opment programs, such as Plowshare, in which technology is developed 
to be made available to others. 


The Director of Regulation is responsible to the Commission for 
the licensing and regulatory responsibilities faid down in the Atomic 
Energy Act. These include the licensing of reactors, special nuclear, 
source, and by-product materials; the development of proposed standards 
for radiation protection as well as corresponding rules and regulations; 
the inspection of licensees for compliance; and the development and 
administration of programs with the States in the tield of licensing 
and regulation. 


714 


Both the operational and regutatory sides of the AEC can be 
expected to have a continuing role in Plowshare in the event of its 
large-scale use. 


Up to now, the operational side of the AEC has been concerned with 
developing the technology for peaceful nuclear explosions, including 
carrying out the necessary experiments to determine the feasibility of 
various applications, such as excavation, qas stimulation, gas storage, 
copper leaching, and oil shale recovery. In these experiments, such 
as Gasbuggy, the AEC has been responsible for insuring the health and 
safety of the public. 


On the regulatory side of the AEC, in anticipation of the even- 
tual commercial use of this technology, the staff has been tooking at 
the question of regulations for distribution of products such as 
natural gas that wil! be produced with the aid of nuclear explosions. 


Before proceeding further to talk about a "future role," however, 
{ think it would be desirable to say a word about “present status” of 
the Plowshare technology. As we see it, the program has entered a 
transition period where some of the applications are approaching a 


practical or "commercial" level. | stress the words, "entered," 
if " 


some" and "approaching." None of the applications being developed 
have as yet reached that stage; nor will they all reach it at the same 
time. Some applications are more advanced than others and will there- 


fore be ready for commercial use sooner. 


Since Plowshare began some twelve years ago, we have always 
foreseen and have been working toward a situation in which the 
AEC will be providing a "commercial" nuclear explosion service for 
"developed" activities. We have also recognized that because of 
the uneven rate of development of the various applications, we would 
continue to have an experimental program. 


To provide for this future, Mr. Hosmer has introduced legis- 
lation in the U. S$. Congress, supported by other members of the Joint 
Committee on Atomic Energy, which would provide the AEC authority to 
carry out detonations for other than strictly AEC research and develop- 
ment purposes. This legislation atso charges the AEC with making 
provisions in its contracts, for the service, relating to the pro- 
tection of health and minimization of danger to life or property. 


Regarding this future "commercial" explosion service, | betieve 
it is clear as far as we can see that the legal requirement for the 
government to maintain custody and control of the nuclear explosive 
will continue. Therefore, the "commercial" nuclear explosion service 
will consist of the design and fabrication of the nuclear explosive, 
its transportation to the emplacement site, supervision of its 
emplacement, and its arming and firing. The service is also seen 
as including appropriate technical reviews of the proposed detonation, 
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such as those necessary to fulfill AEC safety responsibilities connected 
with the detonation. 


In other applications, where we would still be conducting 
research and development experiments, | do not foresee the situation 
being much different than it currently is. 


in the foregoing discussion | hope | have conveyed my feeling 
that, because the program has been evolving gradually in the commer~ 
cial direction, we do not foresee a dramatic, clear-cut transformation 
of Plowshare. We expect a continuing evolution, not a revolution. 
this is true not only for the technology, but also for the standardized 
procedures needed for commercial! operations in such areas as security, 


indemnification, site disposal and health and safety. | believe 
various "roles" will evolve just as the technology and procedures 
evolve. 


Having set the stage for the future, | would like to turn now to 
amore detailed discussion of how the future role of the AEC might 
evolve for providing a "commercial" nuclear explosion service, with 
particular reference to the health and safety field. 


Essentially, | believe the health and safety role of the AEC can 
be expected to remain the same as it is now. From an operational 
standpoint, whether the detonation is for experimental purposes or for 
commercial applications, the AEC will undoubtedly be responsible for a 
final evaluation to insure that steps are taken or available to avoid 
any effects of the nuclear explosions materializing into a hazard to 
life or property. 


A very significant step toward handlIng the safety function in 
a commercial situation has already been taken in our current procedures 
for working with industry in joint experiments. Starting with the 
Rutison experiment, the AEC has been expecting industry to collect the 
required data and to develop a comprehensive safety plan. In these 
early joint experiments with industry and until appropriate criteria 
are developed and published, the AEC is working closely with industry 
to provide guidance in the development of these safety plans. 


Accordingly, using the rationale that our current procedures 
provide some useful clue to our future activities, i'd like to sketch 
briefly how we handte the safety function in joint experiments with 
industry today. 


First, | want to emphasize that safety, even in these joint 
experiments where industry is assuming a greater role, is not simply 
an added factor to be considered after an experiment Is designed. It 
Is not, so to speak, an appendage to the main body of an experiment. 
Rather, safety is an integral part of an experiment, from its inception, 
through the planning, the selection of the proper explosive, its 
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fielding and execution. This may seem to be an obvious point, but we 
so often hear safety spoken of as something apart from an experiment-- 
an afterthought to its actual design--that | believe it is essential to 
emphasize that safety has to be built into any future Plowshare project 
from the start, just as it is today in our experiments. 


Currentiy, the Division of Peaceful Nuclear Explosives (DPNE) has 
assigned responsibility to the Manager of the Nevada Operations Office 
(NVOO) to work with industry in the planning and execution of these 
Plowshare nuclear experiments in conjunction with the scientific 
laboratories. This procedure insures that all the experienced 
organizations and technical and operational resources that have 
already safely detonated hundreds of nuclear explosions are available 
in the planning and execution of joint industrial experiments. This, 
of course, includes our hosts for this important symposium--the U. S. 
Public Health Service. 


As the detailed safety plan is developed setting forth the 
monitoring and safety procedures, it is reviewed by Nevada's Effects 
Evaluation Division and other participating agencies such as the U. S. 
Public Health Service. Every effect of the explosion is anatyzed in 
terms of its potential for creating a hazard. Specific problems not 
previously encountered can be referred to consultants from universities, 
industry, or other government agencies having expertise in the problem 
area. 


In addition, plans for the explosion are reviewed by the Test 
Evaluation Panel. This panel's primary responsibility is to ensure 
that every feasible measure is taken to prevent inadvertent releases 
of radioactivity. Extensive reviews are made by the panel of the 
construction of the emplacement hole, the geology of the site, the 
location of other holes in the vicinity and the stemming plan for the 
emplacement hole. 


After all the detailed planning, reviewing, cross checking and 
double checking is completed, and the Manager of NVOO is satisfied 
that the explosion can be conducted safely and that precautions 
have been worked out to cope with any eventuality, no matter how 
remote, execution authority is requested through DPNE from the AEC. 
Final responsibility for assuring the safety of any nuclear detonation 
resides, of course, with the AEC and the AEC must give specific 
authorization for each detonation. 


The AEC's safety responsibility does not end with authorization 
of the detonation. Safety reviews continue up to the actual detonation. 
At any time, up to the final second, an AEC Test Manager can stop the 
test if any indication arises that it might create unacceptable hazards. 


That briefly is the safety role the AEC plays in joint experi- 


ments with industry. Let me add that we recognize the need for and 
are developing some generalized guidance and criteria for radiation, 
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ground motion, and air-blast so that industry can know with some 
certainty what will be required of it in connection with Plowshare 
projects. Until formal criteria are available, however, we will con- 
tinue to work closely with individual companies in providing them 
guidance on these matters. 


I might add at this point that the AEC also has a general. re- 
sponsibility for seeing that the data on which our reviews and 
evaluations are based are continually reviewed and refined. In 
order to fulfill this responsibility, the AEC supports an active 
research and development effort in subjects related to safety. A 
specitic example of this general effort in the case of Nevada is its 
Panel of Safety Consultants, composed of recognized authorities in 
such fields as hydrology, geology, structura! engineering, geo- 
physics and soi! and rock mechanics. This Panel reviews the safety 
Program associated with nuclear testing and recommends what 
directions new research should take. 


In order to make this as comprehensive a commentary as possibte, 
\'d tike now to touch briefly on the AEC's regulatory role in the 
event of large-scale use of Plowshare technology. 


The Atomic Energy Act of 1954, as amended, provides that the 
AEC is responsible for governing "the possession and use of special 
nuclear material, source material! and by-product material...to 
protect health or to minimize danger to life or property." By- 
product material is defined as “radioactive material (except special 
nuclear material) yielded in or made radioactive by exposure to the 
radiation incident to the process of producing or utilizing special 
nuclear material." As the radioactivity intermixed in products 
recovered by using Plowshare technology would be "by-product" 
material under this definition, it will be subject to regulation by 
the AEC. 


The AEC regulates by-product material by granting licenses or 
exemptions from licenses where appropriate. That is, no person may 
manufacture, produce, transfer, acquire, own, process, import or 
export by-product material unless he has been granted a license or 
an exemption by the AEC. 


The regulatory process as it applies to the distribution of 
products containing by-product material was discussed earlier in an 
excellent paper by Dr. Western and Mr. Rogers--for those of you who 
didn't hear it | urge you to obtain a copy and read it. Since they 
covered the topic so thoroughly, | don't intend to go into detai| 
here. 


Briefly, as Dr. Western and Mr. Rogers indicated, the distri- 


bution of Plowshare-recovered products on a commercial scate involves 
different factors than those considered by the AEC in its present 
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regulations. Accordingly, regulations, specifically addressed to 
Plowshare applications, will have to be developed. This is not to 

say that our present regulations and experience will not provide some 
usefut guidance, Here again, as we found in our discussion of oper- 
ational safety, and as Dr. Western and Mr. Rogers also pointed out, in 
controlling the public distribution of other products containing 
radioactive material, there are many factors that have received 
extensive consideration by the AEC that are also pertinent to the 
development of regulations for the control of distribution of Plow- 
share products. 


For example, the AEC has exempted from !icense certain consumer 
Products, such as luminous wristwatch dials or compass needles, con- 
tatlning by-product material. In those cases, it is simply not prac- 
tical to regutate users of the product. Instead, the AEC has developed 
criteria for determining whether the product sufficiently limits its 
potential for exposure to members of the public to justify exemption 
of its possession and use from regulatory control. In these cases, 
regulatory controls are applied to the producers, importers or 
distributors of the product to assure that the exempt product meets 
the specified requirements. The consumer product exemption situation 
is similar to the situation of Plowshare recovered products where 
again it is not feasible to license directly all the users of products. 


Or. Western and Mr. Rogers pointed out some of the consider- 
ations that should be taken into account in developina suitable criteria 
for distribution of Plowshare products. These include: 


(. The contribution of the Plowshare-produced product to 
the national welfare. 


2. The feasidility of limiting radioactive contamination 
of the product, as released by a licensed producer or 
processor, to acceptable levels. 


3. Possible and probable exposures to individuals and 
population groups as a result of exemption of the 
product from regulatory contro! under specified 
conditions. 


In addition to these general considerations, as in other areas of 
regulation of radiation, the development of criteria and regulations for 
distribution of Ptowshare-recovered products will be guided by the 
recommendations of the International Commission on Radiological Pro- 
tection, the National Council for Radiation Protection and Measurements, 
and the Federal Radiation Counci!. 


There are two other points that Dr. Western and Mr. Rogers 
brought out that bear repeating in this brief summary of their 
remarks. First, our regulatory staff does not believe it will be 
appropriate or reasonable to establish a single limit applicable to 


719 


ali situations. Second, it is likely that the regulatory controls that 
witl initially be imposed on distribution of Plowshare-recovered 
products will differ from those at a later time when the technology 

has been more fully developed, when pathways of exposure and the 
affected population groups are better identified, and when the accuracy 
of theoretical exposure models have been confirmed by field assessment. 


In conctusion, | think it can safely be said that the role of 
the AEC in the event of large-scate use of Plowshare technology is 
expected to evolve gradually with time and the changing state and 
needs of the technology. We believe this is both administratively 
wise and technically sound. We hope you agree. 
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ABSTRACT 


The Public Health Service mst asswme the role of the 
overall Public Health Coordinator, seeking to afford the high- 
est level of health protection both to the nearby population 
as well as to the more distant groups. Data will be given 
relative to the limited experience the PHS has had in the re- 
moval of populations from areas of suspected hazards. Problems 
inherent in the evacuation of civilians of all ages will be 
discussed, 
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The privilege one feels in being able to participate in an event of 
this kind always is heightened when he also is a member of the sponsoring 
organization. | trust my estimation of the value of this symposium is not 
biased by my dual capacity. | am convinced that our efforts here have 
been greatly needed. 


In the first place, we have needed this symposium to help us lay the 
basis for the health and safety guidelines we must have for the large~ 
scale peaceful application of nuclear explosives. This event is providing 
us, furthermore, with a much needed opportunity to examine problems which 
may arise as the promise of this new technology unfolds. 


| am going to talk about the role of the Public Health Service in the 
large-scale use of nuclear explosives for peaceful purposes. It will be- 
come clear, as | proceed, that woven through this talk is a theme, which, 
however often you may have heard it at this symposium or elsewhere, 
deserves to be repeated. It is that the public health role in assuring 
the protection of the health and safety of the public is absolutely 
critical to the future of projects for the peaceful uses of nuclear ex- 
plosives. 


My symposium presentation will be made in two parts. The first 
part, which is applicable to the detonation phase of Plowshare projects, 
will be devoted to a case-history narration of two events illustrating 


public health protection on a large scale. 
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The second of the two principal parts of this presentation is a dis- 
cussion of the role that the Public Health Service should have in eval ua- 
ting each Plowshare project from a public health viewpoint both for the 
operational and post-operational phases. 


We will begin our narration by discussing the case histories of two 
events which represent a rich source for guidelines to Plowsahre safety. 
The events were quite different in many respects. In fact, in one of 
them, chlorine gas, rather than radiation, was the agent of potential 
health impairment or, possibly, death. In one very important respect, 
however, the events were quite similar and it was because of this simi- 
tarity that they were chosen for this talk. In both events neither seri- 
ous injury nor death was caused by hazardous agents against which protec- 
tive action was taken; yet, in each case, measures were adopted which’ 
represented something close to the ultimate in precautions for safety, 
including the evacuation of hundreds of people. 


Each action program, in other words, rather completely reflected the 
Public Health Service viewpoint of what one should do when confronted with 
a potential for the impairment of human life on a large scale. One should 
prepare for the worst. One should cover, or try to cover, every eventu- 
ality. One should recognize that public health protection can be exer- 
cised only when adequate plans have been developed and tested. The 
Salmon Event of Project Dribble was the detonation of a five-kiloton 
nuctear device 2,720 feet underground in a formation known as the Tatum 
Salt Dome near Hattiesburg, Mississippi, in the fall of 1964. The PHS, 
under a Memorandum of Understanding with AEC, had certain responsibilities 
for the civilian population who lived adjacent to the active test site. 
These responsibilities were not different from those we exercise here at 
Nevada. 


| shall not detail all the preparations here. These included a great 
amount of environmenta! surveillance, the coflection and analysis of 
meteorological data, studies of milk from the area's dairy industry, the 
establishment of communications networks for the rapid dissemination of 
information to operating personnel and the public. 


Most of our work with people was in conjunction with the evacuation 
of 451 persons, representing 105 families, from portions of the off-site 
area selected on the basis of fallout predictions for the anticipated 
weather conditions and ground motion. We called on every family which 
was to be evacuated. We knew the first and last names and, sometimes, 
the nicknames of each member of every evacuee family. We knew who was 
sick and what ailed them. We made almost daily checks on the condition 
of the ill and the enteebled elderly, knowing how this may change hourly. 
Incidentally, the change may come in forms one may not always anticipate, 
as when a married daughter in one family decided to come home to have her 
baby just before the shot. 


We knew how and where we were going to move each sick person, having 


made arrangements with his physician and, when necessary, with hospitals. 
tt was decided to have the sick moved not only by personnel trained in 
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this work but by local people who would have moved the iil in this com- 
munity in any emergency. This proved a wise decision, since the appear- 
ance of familiar faces on moving day had a calming effect on patients. 
It is necessary to emphasize, | think, that planning for the evacuation 
and care of people must take into consideration the individual needs of 
each evacuee. 


Having decided to move sick people by ambulance In advance of a shot, 
we soon had to make another decision, which was whether the sick were 
physically able to make the trip back home. Before-and-after conditions 
are not always the same. Furthermore, persons moved into hospitals are 
no longer home patients, but hospital cases. They are subject to hospital 
feeding, care, and routine and may be released only with the consent of 
their physicians or If they sign themselves out. One of our evacuees re- 
mained In the hospital for ten days. 


All evacuation expenses were borne by the project, including, of 
course, payments for ambulance services, hospitalization, and other 
medical care. All evacuees were paid a specific sum per adult and a 
specific sum per child for each day they were away from their homes. 
Payments were made by check, and facilities were at hand for immediately 
converting checks into cash. 


Surveys made of people In advance of their evacuation and in con- 
nection with the security of their properties provided excellent op- 
portunities for the establishment of confidence, understanding, and 
personal relationships which provided a solid basis for our public 
relations program - and very often, in fact, were the major content of 
that program. Ouring these discussions, people were individually informed 
concerning all project activities, and sometimes were informed by us 
before they had a chance to read about it in their newspapers. The value 
of these relationships cannot be overemphasized. 


It cannot be overemphastzed that the very best relationships must be 
established between State and local police, other public safety personnel, 
and the local medical community. People tend to have confidence, par- 
ticularly in a relatively smal! community, in what they are told by the 
police chief or sheriff's deputy or the president of the local medical 
society. No outsider's communications skill can match a few reassuring 
words from a local authority who people know and often may regard as 
friend. The most significant non-technical finding produced by this 
public relations program was the knowfedge that a comprehensive off-site 
radiological safety program can be conducted in a populated area provided 


the people's confidence In the operation is established and maintained. 


Operation Safeguard provides my second case history of a large- 
scale action program for safety and public health protection. Six hundred 
and one persons, all of them ill and aged, were evacuated in this instance. 
The tocale was Baton Rouge, Louisiana. The agent for death or health im- 
pairment was chlorine gas. The time of peril for tens of thousands of 
people ran for 64 days. 
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{t started on September 10, 1965, when Hurricane Betsy, rampaging 
through the Louisiana capital, tore a barge from its moorlngs and swept 
it ten miles down the turbulent Mississipp! River before it sank In 
60 feet of water with a cargo of four 150-ton tanks of chlorine under 
pressure and in liquid form, The end came on November 12 when the barge, 
its cargo Intact, was plucked from the MississIpp!I mud by a glant crane. 


One hesitates trying to name all the public and private agencles In- 
valved during the 64 days spent protecting people and in the salvage opera- 
tions. They Included the Army, Navy, the State Departments of Welfare and 
Hospitals, and the Board of Health, the State Police, the Loulslana Clvll 
Defense Agency, area hospitals, the Red Cross, medical societies, and the 
U. S. Public Health Service. Early in October 1965, the Departments of 
Welfare and Hospitals of the State conducted a three-day survey of the 
il! and the aged within an area extending flve miles on all sides of the 
sunken barge. Between 500 and 700 patients were estimated to be there. 


In late October arrangements were made with the Fourth Army to send 
two hospital trains with seven |Itter cars and one kitchen car each and 
five litter buses for evacuation. Twenty ambulances and five buses were 
supplied by the Department of Hospitals. 


Around this period and for some time afterward, the fear grew that 
a small leak might develop in a valve in one or more of the tanks. Had 
this occurred, the resultant hydrochloric acid might have eaten away the 
remainder of the valve and 150 tons or more of potentially lethal 
chlorine would have been released, much of it blown as gas to the surface 
of the river. It was against this eventuality that Public Health Service 
personnel analyzed air and water samples approximately every 30 minutes 
around the clock. 


In addition to planning for evacuation of the sick and the aged, 
preparations were made for a mass exodus of peopie. Evacuation routes 
were selected and maps were reproduced by newspapers and television 
stations. Shelters were set up at strategic locations and 40,000 cots 
and blankets were furnished from Public Health Service medical stocks. 


(It is unlikely that any potential, or even actual, disaster ever 
resulted in a communications system more comp!ete than the one in use at 
Baton Rouge in the fall of 1965. To describe it would take more time 
than we can allow. Its existence was a recognition of the paramount im- 
portance of communications to efficient operations management, as well as 
to keeping the public quickly and accurately informed of developments at 
all times. 


The first evacuation train left Baton Rouge on November 10; evacua- 
tion was completed 22 hours later. Fear vanished the day the barge was 
raised with its four chlorine tanks intact. With the exception of two 
elderly heart patients who dled en route and one too sick to be moved, 
all evacuees were back home by November 14. As for others In the area, 
schools and businesses were closed in Baton Rouge on barge-raising day, 
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November 12, and people generally remained in their homes, as urged by 
authorities, or left the city for the country upwind from the site. 


One iltustration, among many, of the degree of preparation at 
Baton Rouge for a disaster which never occurred is provided by the first- 
aid station custom-built from an obsolete X-ray bus by a Public Health 
Service officer and Army soldiers. It was equipped especially to care 
for chlorine gas and burn cases. A filtering device was available to 
clear chlorine gas out of the station and replace it with pure air. Four 
pressure inhalators were available for the administration of drugs against 
lung congestion which is the worst effect of the gas. Drugs and ointment 
were on hand for the treatment of chlorine burns of the skin and eyes. 

But there were no chlorine emergencies. There were colds and minor cuts 
and bruises, fractures of fingers or toes. The most serious injury was 
a broken leg. 

Although the examples provided by the Baton Rouge incident and the 
Mississippi nuclear Project Dribble are different in many respects, never- 
theless they reflect an off-site condition of the kind we can assume might 
develop as Plowshare projects become more widespread. In each case, large 
numbers of people were under conditions of possible exposure to agents 
potentially hazardous to health. 


As long as these events are experimental, we are going to have to 
program safety and health protection for Plowsahre as though we expected 
the most improbable event to occur. The public must know that safety 
preparations for possible events have been made or the public will not 
condone, much less support, efforts to perfect Plowshare technology. 


The second part of my presentation concerns the role of the Public 
Health Service in evaluating each Plowshare project from a public health 
viewpoint. It is recognized that the conduct of a Plowshare nuclear 
detonation is an AEC responsibility by statute. The AEC controls the 
execution of all phases of the operation involving the nuclear device, 
Including site preparation, emplacement, detonation, disposition of 
radioactive substances, and health and safety. In my judgment, it is the 
responsibility of the Bureau of Radiological Health, i.e., the PHS, to 
make a public health evaluation of each Plowshare project. This evalua- 
tion should relate to the operationa! aspects of the actual event, and 
the production, handting, storage, distribution, and use of the resulting 
products. The review and evaluation should be initiated as soon as suf- 
ficient preliminary information is received and developed. As part of 
the evaiuation, the known as well as the unknown information relating to 
public health would be delineated. The technical evaluation wil! encom- 
pass the usual operational considerations for the immediate off-site area 
at the time of detonation, as well as considerations of the fong-term and 
fong-distance implications such as the distribution of consumer products 
resulting from certain nuclear explosive applications. 


{t is the mutual responsibility of Industry of severa} States and 


Federal agencies to insure that any resulting radiation exposure from 
Plowshare projects is kept as low as practicable and within acceptable 
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limits. At this time it is most appropriate to discuss the applicable 
guidance for radiation exposure. !n my judgment, this symposium contrib- 
utes to a free exchange of ideas and information that wil] be helpful as 

we attempt to resolve problems in this area. Because of the uncertainties 
in the distribution of radioactivity in the final consumer product, it is 
extremely important that both Federal and State Health agencies be know!- 
edgeable as to the sources of radioactivity that may result in an.exposure 
to the population. sn order to carry out their respective responsibilities, 
public health officials should be kept currently and fully informed of 
proposed projects and resulting releases of radioactivity. 


The basic guidance for public health consideration of radiation ex- 
posure is that promulgated by the Federal Radiation Council (FRC) and 
directed by the President to be used by Federal agencies. The FRC was 
established in 1959 by Public Law 86-373 to provide a Federal policy on 
human radiation exposure. A major function of the Council is to". . 
advise the President with respect to radiation matters, directly or in- 
directly affecting health, including guidance for ali Federal agencies 
in the formulation of radiation standards and in establishment and exe- 
cution of programs of cooperation with States... ." 


The Radiation Protection Guide (RPG), which is defined by the FRC as 
the radiation dose which should not be exceeded without careful considera- 
tion of the reasons for doing so for the general population, is 0.5 rem/yr 
whole body dose for an individual. This guide is applicable to normal 
peacetime operations and is not intended to apply to radiation exposure 
resulting from natural background or the purposeful exposure of patients 
by practitioners of the healing arts. There can, of course, be quite 
different numerical! values for the RPG, depending upon the circumstances. 


As an operational] technique, where the individual whole body doses 
are not known, a suitable sample of the exposed population should be 
developed whose protection guide for annual whole body dose will not 
exceed 0.17 rem per capita per year. 


The Radioactivity Concentration Guide (RCG) is defined as the con~ 
centration of radioactivity in the environment which is determined to 
result in whole body or organ doses equal to the RPG. The use of RCG's 
is an operational technique which provides a means to evaluate potential! 
human exposure based on measurement of environmenta! concentrations of 
radioactivity. An RCG must be based on an RPG and is applicable only 
for the circumstances under which the use of the corresponding RPG is 
appropriate. 


Effective radiation control measures for any health hazard will 
require the establishment of radiological safety procedures and guidance 
for health agencies to reduce any potential hazard to an individual or 
the public to as Jow a degree as practical. Establishment of these control 
procedures requires value judgments in which the potential risks of the 
hazard are weighed against the benefits to be derived. Because of this 
need, the health agency must have sufficient technical information related 
to the problem to derive workable control procedures. This is needed along 
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with scientific knowledge concerning the biologica! effect of the ionizing 
radiation to adequately evaluate the magnitude of the hazard under the 
given condition. All agencies involved in the peaceful nuclear explosives 
program must understand that this quidance is needed to assure protection 
of the individual and the public and to permit anticipated benefit to the 
public. 


Other groups concerned with population risk should be consulted to 
assist in the review of all factors which may affect the impact of the 
guidance on the consumer. 


Concentration guides provided by the NCRP and ICRP, supplemented by 
guidance provided by the FRC, are app!icable to total exposure of the 
public to radiation from all sources (except medical uses and natural 
background), and do not provide specific guidance for exposures to indi- 
vidual sources. Appropriate guides for a particular application of nuclear 
energy should be based on the following considerations: (1) Activities 
resulting in man-made exposure should be authorized only under conditions 
for which it is determined that the benefits outweigh the risk; (2) Within 
these conditions, radiation exposures should be limited to such levels that 
the reduction in risk associated with any further reduction would not 
justify the total effort. 


(t+ is my understanding that radiation limits for Plowshare Projects 
will be established by the AEC's regulatory group under the procedures 
set forth in the Code of Federal Regulations. However, the limits for 
commercial products associated with Plowshare appiications may not be 
developed until the projects change from an experimental to an industrial 
application phase. Further, it is recognized that the FRC has applied 
general guidance for these applications. For instance, the present AEC 
position regarding regulatory limits for natural gas applications limits 
is as follows: 


"The AEC has not developed regulatory limits which are 
directly applicable to the gas storage application and 
it is expected that the results of the experiment would 
be used as a partial basis for developing such limits. 
These timits may be some smal! fraction of the FRC guides 
or of the recommendations of the ICRP and NCRP. After 
satisfying the experimental requirements, any commercial 
use of storage gas from the chimney containing radio- 
activity would be subject to appropriate regulatory ap- 
proval., Such approval would be granted only after a 
determination has been made that use of the gas would 
not result in a significant increase in the radiation 
exposure normally received by the genera! public." 


It seems clear to me also that there can be no planning compatible 
with a given use of explosives without close cooperation between the 
developers of the explosive device and public health authorities. No 
device ought to be brought to a mature state of development by nuclear 
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specialists working independently. If the public health is to be adequately 
protected, input from public health specialists must be accepted at an 
early stage. 


Looking back over the Plowshare experience, | believe the capability 
probably is available to insure that nuclear explosives can be used for 
peaceful purposes, on a large scale, either without human and environmental 
exposure or with exposure at acceptable levels. As yet this capability 
has not been demonstrated. Nor do | think that the American public fully 
believes the capability exists. | trust, however, that the time may be 
nearing when we can agree, from the public health standpoint, that Plowshare 
is ready to move forward as a tool for progress. This, ladies and gentlemen, 
is the goal we seek. 
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ABSTRACT 


When Project Ketch was first announced to 
Pennsylvania state offietals, the Department of 
Health, under its legal responsibility to protect 
the health of the citizens of the state, was quick 
to realize that a thorough, independent review of 
the proposal was indeed necessary. Although the 
project was terminated by the sponsoring company 
before on-site preliminary evaluation work was 
begun, tt is believed that the Department's ap- 
proach was sound and practical. This study and 
the planned joint effort of the state and the 
Bureau of Radtological Health will be discussed 
in detail. 


i 2 


We, in Pennsylvania State Government, were involved 
for approximately two years in a proposed Plowshare experi- 
ment entitled Ketch. Our experiences, our reactions, and 
the reaction of the public sector is important to discuss, 
especially if future Plowshare programs are to succeed in 
the Northeast. This is that story. 


Project Ketch is a joint proposal by the Columbia Gas 
Corporation and the Atomic Energy Commission to create an 
underground gas storage reservoir with nuclear explosives. 
Since gas storage is essential in providing adequate service 
at reasonable cost during times of peak demand, it would 
seem appropriate to provide such storage capacity in areas 
removed from the gas fields where demand was increasing beyond 
the present capacity of the gas delivery system. 


The experiment should naturally be carried out in geo- 
logical formations which would provide adequate safety and 
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still fulfill the requirements for adequate gas storage. 
Pennsylvania seemed to be an ideal location for such an 
experiment because of its location in the rapidly growing 
Northeast and its tight geological structure. 


Early in 1966, we were officially informed that the 
Columbia Gas System Service Corporation and the Atomic 
Energy Commission were seriously considering Pennsylvania 
as a site for the Ketch experiment. My first reaction, 
and I think the reaction of many state officials, was one 
of disbelief. A nuclear device being exploded in our back- 
yard? Unbelievable! Nevada, with its sparse population 
and open spaces, was a far cry from the populated Northeast. 


However, after we recovered from the initial shock and 
began to consider the situation in more detail, we all re- 
alized that it was not our responsibility to react from 
emotion, but only from cold, hard, fact and reason. 


What were our responsibilities? Only one--to evaluate 
the experiment from the standpoint of public health and 
safety and approve or disapprove of the proposal. But im- 
mediately, many other obvious questions arose. What were 
the facts? What kind of information did we need to evaluate 
the project? Where would we get the expertise to evaluate 
information we did receive? And, although it was never really 
raised in public, one question continued to gnaw in the backs 
of our minds . . . "Could the Atomic Energy Commission be 
relied upon to conduct the experiment in the safest possible 
manner, especially when they were also attempting to promote 
the use of nuclear explosions by showing that such projects 
could be conducted at reasonable costs?" Did the AEC have 
a review mechanism similar to that which has worked so ef- 


fectively in the reactor licensing program? What was this 
mechanism? 


Very little information was immediately available on 
the safety aspects of underground nuclear explosives. The 
literature was almost devoid of good references. How much 
of the information was classified and could we gain access 
to it? 


Meetings were held with representatives of the various 
state agencies which would have to be involved. The list 
is longer than one would imagine. Besides the Department 
of Health, it included: 


Ls The Department of Forests and Waters, which was 
responsible for leasing the use of state lands; 


2. The Department of Mines and Mineral Industries, 
which has responsibilities for gas and oil well 
drillings; 
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3. The State Geological Survey, which had interest 
in the information to be obtained during the eval- 
uation phase of the project; 


4, The State Fish and Game Commissions were involved, 
because of possible effects on the wildlife; 


5. The Public Utility Commission, which regulates 
the local gas industry; and 

6. The Department of Commerce, because of its role 
in the developmental aspects of the atomic energy 
industry. 


In January of 1966, former Governor Scranton signed into 
law the Atomic Energy Development and Radiation Control Act. 
This law provided, and I think rightly, that the developmental 
aspects of atomic energy be placed in the existing Pennsyl- 
vania Department of Commerce and that regulatory activities 
be placed in the Department of Health. It also provided for 
an Advisory Committee to assist both Departments in the ad- 
ministration of their respective endeavors. These nine com- 
mittee members were appointed by the Governor, confirmed by 
the Senate, and represented the varied interests in and as- 
pects of atomic energy, and included individuals from indus- 
try, labor, education, medicine, radiology, health physics, 
and related sciences. 


The Committee is directed to make recommendations to 
the Department of Health, review rules and regulations, and 
furnish such technical advice as mav be required on matters 
relating to the control of radiation. 


The Ketch proposal was discussed in detail, and as more 
and more information became available, the Governor and the 
Departments requested a complete evaluation of the project 
including appropriate recommendations. A special "Ketch" 
subcommittee was established by the Advisory Committee to 
provide additional scientific expertise in areas which were 
not covered by individuals on the main committee. It was 
chaired by an expert in nuclear engineering and presently 
the Dean of Engineering at The Pennsylvania State University. 
Additional experts in the areas of geology, geophysics, and 
underground engineering were appointed to the Ketch subcom- 
mittee. 


Besides numerous contacts in Pennsylvania with officials 
of the AEC Plowshare Program, the Lawrence Radiation Labora- 
tory, the Public Health Service, the AFC Nevada Operations 
Office, and the gas company, a group of representatives of 
the subcommittee and the various departments visited the 
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Nevada Test Site and the Nevada Operations Office to discuss 
the project in greater detail and to have some additional 
specific questions answered. At no time were we told that 
the information was not available. 


We were also invited to the Gasbuggy symposium, and I 
received a personal invitation to work with the Public Health 
Service's environmental monitoring team during the briefing 
sessions and during the actual Gasbuggy detonation. There 
was no question that an effective rapport was being estab- 
lished between the Federal and State Governments to assure 
that joint decisions concerning the safety of the project 
could be made. 


The "Ketch" subcommittee had, in the meantime, completed 
its work on reviewing the proposal. The report was accepted 
and forwarded to the Governor and the Departments concerned. 
The report and its recommendations are indeed the most sig- 
nificant single document from Pennsylvania on this project. 


One of the problems arose from the method in which the 
"Project Ketch" proposal was submitted. The proposal was 
separated into five distinct phases as follows: 


1. Site evaluation and confirmation 
2. Execution 

3. Chimney environment measurements 
4, Storage facility development 

S. Operation 


The Phase I portion of the project included exploratory 
drilling, logging and pressure testing, safety surveys, per- 
meability and high pressure tests, and some surface construc- 
tion. The Advisory Committee concerned itself primarily 
with a technical review of Phase I only, since much of the 
information needed to verify the safety of the project could 
only be obtained during that phase. Its conclusions and 
recommendations can be summarized as follows: 


The committee believed that adequate details concern- 
ing the test work to be done during Phase I could be 
established by the AEC and the gas company as the 
Phase I portion proceeded. Therefore, the committee 
recommended that approval be given to proceed with 
this phase only provided: 


1. That the phase would encompass all data and 
calculations necessary to confirm the site 


732 


acceptability and that certain questions 
raised in the complete report would receive 
adequate attention. 


vas That an opportunity would be provided at the 
end of Phase I for an effective safety re- 
view by the AEC, utilizing the Panel of 
Safety Consultants, the Test Evaluation 
Panel, the Test Manager's Advisory Panel, 
and for Commonwealth representatives to 
review the findings before approval would 
be granted for Phase II. 


3. That there would be assurance of appropriate 
compensation for any property damage or un- 
likely personal risks. 


To quote directly from the report: 


"Commonwealth approval to proceed with Phase II 
and the subsequent phases of the project should 
be given after the Phase I evaluation, if it is 
found that a favorable decision by the AEC was 
based on an adequate and competent safety review 
to ascertain that the test would be accomplished 
without injury to people, either directly or in- 
directly, and without acceptable damage to the 
ecological system and natural and man-made 
structures." 


Governor Shafer, in letters to Chairman Seaborg and the 
Columbia Gas Company, granted Commonwealth approval to pro- 
ceed with the first phase of the project, listing the stip- 
ulations of the Advisory Committee's recommendations. 


The project, as many of you know, is now in a state of 
limbo, or in one of the other states in proximity to Penn- 
sylvania. Why was the project postponed? 


One of the first recommendations made during discus- 
sions with the parties involved, was that an effective, large 
public information program be established jointly by the 
AEC, the Commonwealth, and the gas company. It was obvious 
that the reactions of individuals in the public would be 
similar to our first reaction. Pennsylvania has been one 
of the leaders in the atomic energy field. There are now 
13 operating or planned power reactors in the state. There 
has been no adverse public response to these projects, mainly 
as a result of an effective long-term public relations pro- 
gram. Nuclear reactors are an accepted risk. «However, 
nuclear explosives are not. 
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The response to our recommendation for a joint public 
information program went unheeded. Yes, public forums were 
held in the area; many man-miles were traveled by represen- 
tatives of the Lawrence Radiation Laboratory, the AEC, the 
PHS, and the Columbia Gas Company to explain the project in 
detail to all interested groups. But once the adverse public 
reaction had begun, primarily out of fear, it was impossible 
to stop. Citizens groups were formed, signatures were ob- 
tained, and vocal critics of the project garnered much news- 
paper space. 


The following slides, which were made from selected 
newspaper headlines, can tell the story much better than 
I can. 


The title of this presentation is "The Role of a State 
Health Agency in an Underground Nuclear Experiment." Our 
role in this experiment ended rather abruptly, but it should 
have been two-fold--to protect the public health, naturally, 
but also to inform the public of that role and the steps 
we were taking to carry it out. 


However, we, as a health agency, should not be placed 
in a position of promoting the project. This is the respon- 
sibility of those agencies and companies which are proposing 
it. I strongly urge that the experience in Pennsylvania 
not be quickly forgotten, but that an immediate effort be 
made by the Atomic Energy Commission to establish an effec- 
tive Plowshare informational campaign. With proper direc- 
tion, such a program could have stopped the groundswell be- 
fore it became unmanageable, and would have allowed for a 
proper and unemotional evaluation of the safety of the pro- 
ject. 


What did we all learn? A real lesson in the potent 
power of public opinion! 
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QUESTION FOR THOMAS M. GERUSKY 


From P. R. Frederick: 


You have Imp{ied Informed public opinion will support Plowshare pro- 
jects. Do you have evidence of this? It seems unrealistic to me 
based upon Utah's attempted fluoridation of water supply experience! 
Very formidable and well-organized opposition developed. 


ANSWER: 

We have Information that an uninformed public will react the opposite 
way. |! think an informed public reacted the proper way in the reactor 
fleld. | think it can react properly in this field also. 
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STATE PARTNERSHIP IN ENVIRONMENTAL HEALTH 
ANO SAFETY PHASE OF PLOWSHARE PROJECTS 


Simon Kinsman, Ph.O. 
California State Department of Pubtic Health 
Berkeley, California 


ABSTRACT 


When experiments on projects involving Plowshare 
devices are conceived, the state chosen for the project 
should be invited to participate in planning the health 
and safety aspects and be prepared to actively partict- 
pate in the D-Day phase as well as the post-detonation 
activity. 


In California nuclear science technology and compe- 
tence have preceded the social acceptance and use of 
nuclear devices for large scale Plowshare projects. 
However, the environmental surveillance program of the 
Bureau of Radiological Health in the State Department 
of Public Health has established an operative program 
which will be ready and able to function as am active 
partictpant or in a support role in environmental 
health phases of nuclear projects scheduled in the 
State. 


A description of our present progran will be 
included in this paper. This will enable the attendees 
and readers to realize capabilities which will be 
activated for participation and/or support roles dur- 
ing Plowshare activities in the State or in a neigh- 
boring state tf the need arises. 


t ha AR HR RRR RRR RRR RRR RR 


The people who planned this seminar prepared a logical outline 
for the entire program and then requested speakers to cover the 
respective subjects. The theme of this portion of the seminar was 
the "role of the state,” with the previous speaker covering the 
underground engineering and this paper covering the role of the 
state in cratering. | was not familiar with the cratering exper- 
iments and consequently suggested an alternate title, which is a one 
sentence precis of this paper, namely, that the state in which the 
cratering experiment is being conducted should be an integrai partner 
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in the project, with the neighboring states being alerted, informed, 
and ready to exercise their role in case the scheduled project did not 
proceed as planned. In each state, the environmental! health phase is 
naturally handled by its health department. 


Background Information or How it was in California 


On May 28, 1957, the AEC detonated the "Boltzman™ nuclear device 
at 4:55 a.m., at the Nevada Test Site. About 6:00 p.m. the same day a 
portion of the cloud from this shot swung northwest across California 
through the area north of Lake Tahoe. I+ encountered localized 
thunderstorms and the resulting rainout gave measurable levels of 
radiation in scattered localities. Both the California Disaster 
Office and AEC monitoring teams checked these areas on May 28 and 29 
and reported that the radiation levels found were not dangerous. 
However, in view of the State Health Department's responsibility 
for the health of the public in general and the safety of domestic 
water supplies in particular, a field survey to get firsthand detailed 
information was deemed desirable. 


Since information regarding the exact path of the radioactive air 
mass was not available to the Department, the northeast quarter of the 
State lying north of U. S. Highway 40 and east of U. S. Highway 99 was 
selected for study. The plan followed was that most of the major high- 
ways were to be traversed with gamma survey instruments. Water, mud, 
and snow samples were to be taken where background radiation indicated 
fallout had occurred or where possible concentration of radioactivity 
could have occurred (i.e., water reservoirs, stock ponds, other water 
catchment areas). 


Due to the magnitude of the task, assistance in monitoring and 
sample collection was requested from Butte, Plumas, and Shasta County 
Health Departments. Field monitoring instruments were furnished by the 
Calitornia Disaster Office. Radioanalyses of the samples were done by 
the Sanitation Laboratory using the California Disaster Office Radio- 
logical Laboratory truck which was assigned to the Division of Labora- 
tories. The truck was moved to Quincy for this study. Seventy samples 
were collected for analysis and approximately {,400 miles of highway 
were monitored with gamma survey meters. 


Of the 70 samples only 3 (the snow samples at Donner Summit, Gold 
Lake and Lassen Summit) had significant radioactive content. None of 
these snow banks drained directly to domestic water reservoirs. Water 
from the reservoirs supplying the Quincy water system showed barely 
measurable amounts of radioactivity. These findings were not considered 
to be of public health significance due to the small size of the 
reservoirs (with a high flow-through rate) and the rapid decay charac- 
teristics of fallout radioactivity. 


A report of these findings was included in the July report to the 
Governor's office. The comment that radioactivity in the three snow 
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samples was above the limit considered "safe for continuous ingestion" 
received wide publicity and resulted in several follow-up inquiries from 
residents and recreational users of the Sierra Nevada area. 


Because of the intense public interest, and in order to verify 
the earlier conciusions, a second survey was made August 7 through, 9. 
Lassen Volcanic National Park, Lake Almanor, Quincy, Gold Lake, Beck- 
worth, Donner Summit, and the highways between these areas were checked. 
Thirty samples were collected and approximately 600 miles of highway 
were monitored with gamma survey meters, No background radiation was 
found above normal nor were any of the water samples found to contain 
measurable amounts of radioactivity. The only snow sample obtainable 
was from a smal{ residual snow bank in Lassen Park. The radioactivity 
found was about the same as that found on the first sampling. 


These studies were executed under a 1955 law on radioactive 
wastes which states, "No person shall bury, throw away, or in any 
manner dispose of radioactive wastes in such a manner as to endanger 
the tives or health of human beings." 


In the first calendar quarter of the following year the U.S.S.R. 
was conducting atmospheric tests of nuclear devices. On March 29, 1958, 
the California State Department of Agriculture collected some samples 
of leafy vegetables which were submitted to Dr. Hardin Jones, of the 
Donner Laboratory at the University of California, Berkeley, for 
radioassay. The radioactive content of twelve samples of eleven kinds 
of leafy vegetables coltected from nine different localities in the 
North Coastal, San Joaquin and Sacramento Valleys of California 
ranged from 1970 to 41,800 disintegrations per minute for the unwashed 
vegetables. The radioactivity of the washed vegetables was much lower 
than that found on the unwashed samples. The radioactivity was charac- 
terized as mixed fission products. 


In January 1959, a paper entitied, "An Analysis of the Public 
Health Implications of the Proposed Tracer Study of Greund Water Replen- 
ishment Operations in Los Angeles County" was submitted by the Univer- 
sity of California, Berkeley, to the California State Department of 
Public Health. The introduction in this paper states, "The University 
of California, Berkeley, has presented a research proposal to the Los 
Angeles County Flood Control District concerned with the application 
of tritium to ground water tracing. The immediate objective of the 
study is to determine the water users benefiting from reclamation 
operations in the Upper Canyon Basin of the San Gabriel River. The 
long-range interest of the District is to confirm the extent to which 
the water reclamation program in the various basins of the San Gabriel 
River is effective in reptenishing the ground water bodies of the Main 
Basin and within and downstream of the Montebello Forebay. The primary 
interest of the Sanitary Engineering Research Laboratory of the Univer- 
sity is to establish the utility of tritium as a means of tracing 
underground waste travel. A further interest is the genera! phenomenon 
of hydraulic dispersion in flow through porous media." 
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The second paragraph of the Conclusions states, "The hazard of 
the investigation to the consumer in Los Angeles County has been 
demonstrated to be insignificant. The benefits of the investigation 
to the consumer are highly significant. A more economical develop- 


ment of the regional water resources will result in direct materia 
benefits to all inhabitants. A better understanding of pollution 
movement in underground formations will be achieved with attendant 


improvements in water quality. The study is an opportunity for 
nuclear science to aid in solving a common problem in Southern Cali-~ 
fornia, that of a rapidly increasing demand for water and clearly 
limited water sources.” 


On January 23, 1959, the State Board of Public Health adopted a 
"Policy of California State Department of Public Heatth on Radio- 
active Tracer Studies," which contained six criteria. The proposed 
tritium tracer study met the six criteria but never materialized. 

It was rejected by adverse local public opinion. 


California Environmental Surveillance Program - 1969 


The essential features of this program are a radiochemical 
laboratory and a representative sampling network. The environmental 
media sampled are (1) Air, (2) Rain, Fallout, and Soil, (3) Domestic 
Water, (4) Sewage, (5) Milk, and (6) Diet. The samples are collected 
by 105 volunteer members of our focal health departments. The !oca- 
tion of the sampling stations and the number of stations for each of 
the six media sampled are shown in the following Figures | through 6. 
Table | is a summary of the environmental surveillance sampling and 
analyses. 


These facilities and networks were tested and described in 1967 
in an article by Amasa Cornish and George Uyesugi entitled, "Detection 
of Elevated Fallout Levels in California, January 1967." The abstract 
of the article which was published in Radiological Health Data and 
Reports, Vol. 9, Number 9, September 1968, is quoted: 


"California received a heavy fallout of radioactive 
debris beginning 4.5 days after a foreign nuctear device 
was detonated in the atmosphere on December 27, 1966. 
Highest air particulate levels occurred in Berkeley and 
Sacramento. Values obtained after allowing 3 days decay 
were 98 pCi/m> of air for both. Other air sampling 
stations had lesser amounts of fallout and Fresno 
received essentially no fallout. All miiksheds in 
California were contaminated to some extent with 
radioactive iodine. Del Norte and Humboldt milk with 
397 and 280 pCi/liter, respectively, contained the 
highest concentrations of iodine-131. These values 
were estimated to result in thyroid doses to children 
of 33 and 23 mrads, respectively. The apparent half- 
life for iodine-!31 in the environment was cafculated to 
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Media 


Samp ted 


Air 

Fal lout 
Water 
Sewage 
Milk 
Oiet 
Snow 


Specials 


TABLE | 


SUMMARY 
ENVIRONMENTAL SURVEILLANCE 
SAMPLING AND ANALYSES 


Sampding Sampling Yearly Totals 
Stations Frequency Samples Analyses 
14 Daily? 4,224 6,276 
21 Quarter ly2 92 368 
50 Monthly 600 904 
20 Monthly 480 960 
10 Month ly4 120 360 
20 Quarterly? 80 520 
12 5/Year 60 60 
12 t/Year 240 480 
5,896 9,928 


{. Gamma scan for 8 isotopes reported as one (1) analysis above. 


2. 20 stations sampled quarterly; the Berkeley station is sampled 


monthly. 


3. 10 stations sampled on work days only; 4 stations sampled every 


day. 


4. Does not take into account increased sampling for continuing 


atmospheric nuclear tests. 


5. From '960-1964 the individual foods composing a diet were sampled. 


In 1964 the diet sampling replaced the food sampling. 
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be 3.2 days." 


In addition to our radiological surveillance network, California 
has two other activities in its Bureau of Radiological Health, namely, 
(1) The X-Radiation Control Program which consists of Registration and 
Inspection of X-Ray Generators, the facilities in which they are 
operated, and educational assistance to the operators of this equip- 
ment; and (2) The Radioactive Material Control Program which includes 
Radium. This consists of a Licensing and Inspection group as required 
by AEC/States Agreement. However, California and several other states 
exercise control of Radium which has never been regulated by a Federal 
agency. 


The State also has considerable manpower and equipment in the 
State Disaster Office, including (1) radiation measuring and cali- 
bration devices and facilities and (2) a statewide communication net- 
work tied in with the State Highway Patrol and the Police and Sheriff's 
Offices. Last year the State Department of Public Health and the State 
Disaster Office signed a memorandum of understanding for cooperative 
participation in handling emergency incidents involving radioactive 
materials. This cooperative activity includes the authority to im- 
pound or quarantine the radioactive material involved for the pro- 
tection of the public. We have had two training courses recently on 
management of incidents involving radioactive material. These were 
sponsored by the State Health Department and the U. S. Public Health 
Service. In reviewing this information, it becomes obvious that the 
State has a rather complete radiation protection program. 


Role of State Health Department in Plowshare Projects 


With such equipment, facilities and competence available ina 
number of states--the Utah State program having been described in detai| 
to'you yesterday--the states are ready to assume the responsibility, in 
the Plowshare Program, granted them under the Federal Constitution, 
which is the protection of public health. 


This role is beautifully described by Herman E. Hilleboe, M.D., 
DeLamar Professor of Public Health Practice, Columbia University, 
School of Public Health and Administrative Medicine, State of New York, 
in Chapter I11, pages 23-31, of the Radiological Health Program Guide 
prepared by the Southern Interstate Nuclear Board for (and published by) 
the U. S. Department of Health, Education, and Welfare, Public Health 
Service, April 8, 1966. Page 29 of this reference shows the respective 
roles of the Public Health Service and State Health Agencies in Radio-~- 
logical Health, including the degrees of responsibility of each agency. 


The legality of the responsibility of the state in protecting the 
public from radiation exposures was stated well by Mitche!! Wendell, 
Ph.O., L.L.B, Counse! for the Council of State Governments, Washington, 
D. C., in Chapter 11, Legal Aspects of Federal-State Relations in Radi- 
ation Protection, Radiological Health Program Guide referenced above. 
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The foltowing is a quotation from pages 19 and 20 of this reference. 


"Federal-State relations in radiation protection from 
nuclear sources is a subject of peculiar import because of 
the unusual circumstances that attended the first harnessing 
of nuclear power, and because the revolutionary nature of 
this still new force inspires awe. Logically and practically 
it is clear that radiation protection from whatever source 
is merely a specialized phase of public health and safety 
regulation. Yet, the activities and responsibilities of the 
Atomic Energy Commission and of the military establishment 
undeniably give the Federat Government a special interest. 
So far the major direction of Federal and State action 
has been to clarify responsibilities and relationships as 
much as possible, and to fit the health and safety aspects 
or radiation protection into existing patterns of State 
and local administration and {awmaking as rapidly as 
practicable. Any other course would raise confusing 
questions of law and practical administration. 


“Concluslon. State activities in radiation pro- 
tection, and more broadly in the entire field of radiolog- 
ical heasth as well, rest on several legal foundation 
stones. That the police power includes the power to pro~ 
tect the public health is both elementary and obvious; the 
conventional definition of the constitutional concept of 
police power is the power to regulate and protect 'health, 
safety, morals, and welfare.’ Since this authority is left 
with the States by the Federal Constitution, its exercise is 
a legal attribute of a!|l State governments. As already 
pointed out, some States have so far considered the police 
power to be sufficient basis for the assertion of juris- 
diction to engage in any and all phases of radiation pro- 
tection. An increasing number of States, either because they 
consider agreements with the AEC essential to their programs 
ar because they look upon them as merely advantageous, are 
becoming agreement States. In these jurisdictions the police 
power is supplemented by the statutory assurance from Con- 
gress that no conflicting action of the Federal Legislature 
is likely to oust the legal authority of the State. 


"From the administrative point of view, the basis for 
State and local action also is clear. No matter how in- 
genious theorists become in building a separate category 
for nuctear activities, it remains true that State and local 
governments--not the Federal Government-inspect structures, 
issue and enforce sanitary codes, provide service and regu- 
tation in the field of industrial hygiene, fight fires, and 
patrol highways. Whenever the results of nuclear activity 
impinge on any of these areas, as they must constantiy do, 
the State and local governments are the only ones in a position 
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to act. They may do so with more or less skill, depending 
on their training and resources. They may do so more or 
tess effectively, depending at feast in part on the degree 
of specific authority to deal with nuclear-related matters 
conferred by State and local taw. But they will act, or 
the public will be unnecessarily exposed to danger." 


Earlier this month, 48 states were represented at the Conference 
of State Directors of Radiation and Safety Control Program. | do not 
have the permission to speak for this group. However, you have heard 
the remarks of the preceding speaker who is President of this organi- 
zation, and you can see that he is inclined to support the State role 
as presented above. | hope the Conference of State and Territorial 
Officers will accept the report of this Conference of State Directors 
of Radiation and Safety, one part of which appears under the heading 
of Radiation Control Nationally and a sub-heading, "Ionizing Radiation-- 
State Control," and reads, "The States are responsible for uncontrolled 
radiation sources in the environment as an unexpected result of a Plow- 
share project." 


The respective states should have no fear of accepting the re- 
sponsibility granted them under the Federal Constitution whether or 
not they have an AEC/State Agreement or whether they have a complete 
radiological health program. The State/Public Health Service relation- 
ship and support for this program is the same as it is for any other 
state program in protecting the health of the public. If the problem 
is too large to handle with the state resources, assistance will be 
furnished on request from the Public Health Service. 


In regard to Plowshare in particular, each respective state would 
tike to be a partner in this enterprise, with industry and the AEC being 
the other partners. We do not consider ourselves equal partners for all 
of the negotiations. However, after the detonation and particularly 
if it is in our State, the State may have a major role. In being a 
partner, we expect to be called into the planning meetings as early as 
possible, and | might say the earlier we are involved, the sooner wil! 
the project become a reality. The states should notify the PHS through 
its regional office and have this organization present at the first . 
orientation meeting and most of the following meetings. Atter the first 
meeting, the State and PHS will prepare a draft of the cooperative plan 
to follow. This plan will be reviewed, modified, and updated frequently 
by both parties. 


The success or failure of a proposed Plowshare project in any 
State will be determined by the public relations role executed by the 
State. This role wil! be more effectively executed if the State is 
informed early and can adequately and appropriately inform the local 
health authorities who will get the right story to the local press and 
residents as soon as possible. Yesterday Herb Parker stated he 
wasn't sure which radiation protection group the general public wilt 
trust. The local health group has been the protector for health and 
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safety for so long the odds are in favor of their gaining the con- 
fidence of the focal people and thereby effecting a good public 
relations program which will lend public support to the project, 

and as Abraham Lincoln said, "With public support you can do anything 
and without it you can do very littie.“ This quotation is most 
applicable to Plowshare, and | repeat: If the AEC will include the 
States as a partner in the early talking and planning stage of Plow- 
share projects the chances of their becoming a reality are better 
than the odds in most of the activities in this city and the accom- 
plishments wiil be realized much sooner. 


| thank you for your devoted attention through the last phase 
of this seminar. ~ 
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QUESTION FOR SIMON KINSMAN 


From James Payne: 
What analysis do you run on the sewage effluents and why? 
ANSWER: 


The Californta Radlological Monitoring Program Includes the sampling 

of 20 sewage treatment plants throughout the state. Analyses of sewage 
samples, effluent and sludge, for alpha and beta activity provide a 
means of monitoring to Insure that Industrial radloactive wastes dis- 
charged Into sewerage systems do not exceed prescribed limits. The 
survelllance of sewage assumes greater Importance as {isotope | Icensees 
become more numerous and as the quantity per user Increases. 


Water used by a city enters the city as domestic drinkIng water and 
leaves the city as sewage. If the clty adds no radioactivity to the 
sewage, the radiological content of the domestic water and sewage 
should be the same. Therefore, interest centers around the difference 
in yearly averages between the radioactivity In the sewage effluent 
and the domestic water Influent, and the ratio of sewage radioactivity 
to domestic water radloactivity. For example, two citles might have 
the fol lowlng: 


City Water Sewage Difference Ratlo 
A 10 pCi/} 15 pCi/! 5 pCi/! 1.5 
B 10 pCi/I 80 pCi/! 70 pCi/| 8 


Obviously, something is happening to city B that should be investigated 
while city A appears to be normal. t[n 1967 these ratios, in California 
citles that were sampted, ranged from 1.0 to 7.8 and the differences 
from 0.4 pCI/i to 37.4 pCi/t. 


The present policy In Callfornia is that no city should discharge to the 
uncontrolled environment a sewage effluent containing more than 1x07? 
uCi/ml (100 pCi/titer) above the domestic water entering the city. In 
practice, the Bureau of Radiologica! Health of the California State 
Department of Public Health becomes concerned when the discharge values 
are one third of the maximum permissible value of 100 pCi/liter. An 
Increase to this concentration Indicates that some or several discharges 
are releaslng too much radioactivity into the sewerage system. These 
discharges may be In excess of California's Radiation Control Regulations 
which are compatible with 10 CFR 20. A followup to determine the source 
of thls Increase In radioactivity enables us to determine licensee 
compliance or non-comp!iance with our regulations. 
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DISCUSSION OF HIGHLIGHTS AND 
CLOSING REMARKS 


Or. Raymond T. Moore 
Acting Director, BRH 

U, S. Public Health Service 
Rockville, Maryland 


Summarizing four full days and 38 pages of a technical symposlum Is an 
herculean task. It would be impossible, in the few minutes allowed me, to 
dwell adequately on each of the papers presented. Rather, | would Ike to 
review some reasons why we thought thls symposium was both timely and 
necessary. 


First and foremost In our mind was the need to emphasize the health and 
safety aspects. While our Jaboratory In Las Vegas and a few states have been 
deeply Involved in Plowshare, the public health aspects were not widely known, 
Up to now there had been no forum where we and our colleagues could exchange 
ideas or views relating to the public health aspects of the Plowshare Program. 


We considered it important to present the results and analyses of 
relevant studies of Plowshare activities conducted by various organizations. 
We believed It important to include discussions of alr blast and ground 
motion effects as wel! as the transport of radioactivity for these are also 
of public health concern. 


We attempted, and | belleve succeeded, In bringing people of diverse 
interests and views together. In our opinion, it was necessary to bring into 
focus those problem areas where more research or information Is needed. 


Several of the speakers emphasized fwo major problems of concern. The 
more Important of these is the need for declassification of certain Plow- 
share Information. | believe you wis] be faced with resistance to the Plow- 
share Program from sclentists and the general public as long as such data 
is kept under security wraps. People want to know the facts and be able to 
render their own Judgment. Congressman-Hosmer spoke of that In his excél- 
lant speech at the banquet Tuesday evening. He proposed that the AEC take 
steps to separate the Plowshare development activities from weapons 
development. 


Or. Carlyle Thompson indicated the other problem by noting the need of the 
states for public funds to monitor the environment after Plowshare events. 
Some way must be found to support state programs financlally In order that 
they may gear up adequately to support industrial Plowshare projects. 
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| believe we have had a successful symposium. | am told the registra- 
is in excess of 600. The success is due to you who have participated. 


Each session was fully attended. | have never been to a meeting where so 
many have stayed to the last as you have. Thank you. 
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